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(57) ABSTRACT

The present invention provides a peeling oft method without
giving damage to the peeled off layer, and aims at being
capable of peeling off not only a peeled off layer having a
small area but also a peeled off layer having a large area over
the entire surface at excellent yield ratio. The metal layer or
nitride layer 11 is provided on the substrate, and further, the
oxide layer 12 being contact with the foregoing metal layer or
nitride layer 11 is provided, and furthermore, if the lamination
film formation or the heat processing of 500° C. or more in
temperature is carried out, it can be easily and clearly sepa-
rated in the layer or on the interface with the oxide layer 12 by
the physical means.
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SEMICONDUCTOR DEVICE AND PEELING
OFF METHOD AND METHOD OF
MANUFACTURING SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of peeling off a
peeled off layer, particularly, relates to a method of peeling
off a peeled off layer containing a variety of elements. In
addition, the present invention relates to a semiconductor
device having a circuit consisted of a thin film transistor
(hereinafter, referred to as TFT) in which the peeled off layer
peeled off has been pasted and transterred on a base member
and a method of manufacturing the semiconductor device.
For example, the present invention relates to an electro-optic
device which is represented by a liquid crystal module, alight
emitting device which is represented by an EL. module and an
electronic equipment on which such a device is mounted as a
part.

It should be noted that in the present specification, the term
“semiconductor device” indicates a device in general capable
of functioning by utilizing the semiconductor characteristics,
and an electro-optic device, alight emitting device, a semi-
conductor circuit and an electronic equipment are all semi-
conductor device.

2. Related Art

In recent years, a technology constituting a thin film tran-
sistor (TFT) using a semiconductor thin film (in the range
from about a few to a few hundreds nm in thickness) formed
on the substrate having an insulating surface has drawn the
attention. A thin film transistor is widely applied to electronic
devices such as an IC, an electro-optic device or the like, and
particularly, there is an urgent need to be developed as a
switching element for an image display device.

Although as for applications utilizing such an image dis-
play device, a variety of applications are expected, particu-
larly, its utilization for portable apparatuses has drawn the
attention. At present, although many glass substrates and
quartz substrates are utilized, there are defaults of being eas-
ily cracked and heavy. Moreover, the glass substrates and
quartz substrates are difficult to be made larger on the basis of
mass-production, and these are not suitable for that. There-
fore, the attempt that a TFT element is formed on a substrate
having flexibility, representatively, on a flexible plastic film
has been performed.

However, since the heat resistance of a plastic film is low,
it cannot help lowering the highest temperature of the pro-
cess. As a result, at present, a TFT is formed which has not so
excellent electric characteristics compared with those formed
on the glass substrates. Therefore, a liquid crystal display
device and light emitting element having a high performance
by utilizing a plastic film have not been realized yet.

Moreover, a method of peeling off a peeled off layer exist-
ing on the substrate via an isolated layer from the foregoing
substrate has been already proposed. For example, technolo-
gies described in Japanese Unexamined Patent Publication
No. H10-125929 gazette and Japanese Unexamined Patent
Publication No. H10-125931 gazette are technologies that an
isolated layer consisted of an amorphous silicon (or polysili-
con) is provided, a laser beam is irradiated by transmitting the
substrate and makes hydrogen contained in the amorphous
silicon released, thereby occurring a space-gap and separat-
ing the substrate. In addition, there also has been the descrip-
tion in Japanese Unexamined Patent Publication No. H10-
125930 gazette that by utilizing this technology, a liquid
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crystal display device is completed by pasting a peeled off
layer (in the gazette, referred to as transferred layer) on a
plastic film.

However, in the above-described method, it is essential to
use a substrate having a high translucency, and further, for the
purpose of conferring a sufficient energy for releasing hydro-
gen contained in the amorphous silicon, the irradiation of a
comparatively large laser beam is necessary, and conse-
quently a problem that the peeled off layer is damaged
occurred. Moreover, in the above-described method, in the
case where an element is prepared on an isolated layer, if a
heat processing at a high temperature or the like is performed
in the process of element preparation, hydrogen contained in
the isolated layer is dispersed and reduced. In that case, even
if the laser beam is irradiated on the isolated layer, there is a
possibility that the peeling off is not sufficiently performed.
Therefore, in order to maintain the amount of hydrogen con-
tained in the isolated layer, a problem occurs that the pro-
cesses after the isolated layer formation are limited. More-
over, in the above-described gazette, there has been also the
description that in order to prevent the damage to the peeled
off layer, a radiation shield layer or a reflection layer is pro-
vided. However, in this case, it is difficult to prepare a trans-
mitting type liquid crystal display device. In addition, by the
above-described method, it is difficult to peel off a peeled off
layer having a large area.

SUMMARY OF THE INVENTION

The present invention has been carried out in consideration
of the above-described problems, the present invention pro-
vides a peeling off method of peeling off the peeled off layer
without damaging the peeled off layer, and aims at being
capable of peeling off entirely over the surface of the peeled
off layer having a large area as well as peeling off a peeled off
layer having a small area.

Moreover, the present invention aims at providing a peel-
ing off method of peeling oft without receiving the limitations
such as the heating processing temperature, the kind of sub-
strate or the like in the formation of the peeled off layer.

Moreover, the present invention aims at providing a semi-
conductor device weight-saved by pasting a peeled off layer
on a variety of base members and its method of preparing it.
Particularly, the present invention aims at providing a semi-
conductor device weight-saved by pasting a variety of ele-
ments (thin film diode, photoelectric conversion element con-
sisted of PIN junction of silicon) and its method of preparing
it. When the present inventors carried out many experiments
and considered about these, the present inventors have found
that during the time when the present inventors provided an
nitride layer provided on the substrate, preferably a metal
nitride layer, an oxide layer being in contact with the forego-
ing metal nitride layer, and further performed the film forma-
tion or the heat processing at the temperature of 500° C. or
more on an oxide layer, the abnormality on the processes such
as a film peeling or the like does not occur, whereas the
present inventors have found a peeling off method in which it
can be easily and clearly separated on the oxide layer or
interface between them by adding a physical force, represen-
tatively, a mechanical force (for example, peeled off by
human hands).

Specifically, the bonding force between nitride layer and
oxide layer has a strength durable for heat energy, whereas
since the film stress of the nitride layer and the oxide layer is
different from each other and there exists a stress distortion
between the nitride layer and the oxide layer, dynamical
energy is weak, it is suitable for peeling off. The present
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inventors refer to the peeling off step in which the peeling off
is carried out by utilizing the film stress in that manner as a
stress peeling off process.

It should be noted that in the present specification, the
internal stress of the film (referred to as film stress) is a force
per unit sectional area where one side of the section has an
influence on the other side, when a given section in the inter-
nal of the film formed on the substrate is considered. The
internal stress may always exist more or less in a thin film
formed by a vacuum deposition, a sputtering, a vapor depo-
sition method or the like. The value reaches 10° N/m? at the
maximum. The internal stress value changes by a material of
a thin film, substance of the substrate, the formation condi-
tions of'the thin film and the like. Moreover, the internal stress
value changes also by performing the heat processing.

Moreover, in the case where the force having an influence
on the opponent through the unit sectional area which spread
out vertically in respect to the substrate surface works in the
tensile direction, it is referred to as tensile state, and the
internal stress at that time is referred to as the tensile stress. In
the case where the force works in the pushing direction, it is
referred to as in a compressive state, and the internal stress at
that time is referred to as compressive stress. It should be
noted that in the present specification, the tensile stress is
plotted as a positive (+) number, and the compressive stress is
plotted as a negative (-) number when these are graphed or
indicated in a table.

The constitution 1 of the invention related to a peeling off
method disclosed in the present specification, is a peeling off
method of peeling off a peeled off layer from a substrate,
it is characterized by the fact that on the foregoing substrate,
anitride layer is provided, after a peeled off layer consisted of
a lamination containing an oxide layer being in contact with
atleast the foregoing nitride layer was formed on the substrate
on which the foregoing nitride layer has been provided, the
relevant peeled off layer is peeled off on the inside of the
oxide layer or on the interface with the foregoing oxide layer
from the substrate on which the foregoing nitride layer has
been provided by the physical means.

Moreover, it may be peeled off after a support body was
adhered using an adhesive agent, the constitution 2 of the
invention related to a peeling off method disclosed in the
present specification,

is a peeling off method of peeling off a peeled off layer

from a substrate,

it is characterized by the fact that on the foregoing substrate,
anitride layer is provided, after a peeled off layer consisted of
a lamination containing an oxide layer being in contact with
atleast the foregoing nitride layer was formed on the substrate
on which the foregoing nitride layer has been provided and
the relevant peeled off layer adhered to the foregoing support-
ing body is peeled off on the inside of the oxide layer or on the
interface with the foregoing oxide layer from the substrate on
which the foregoing nitride layer has been provided by the
physical means.

Moreover, in the above-described constitution 2, in order to
promote the peeling off, the heat processing or the irradiation
of a laser beam may be performed before the foregoing sup-
porting body is adhered. In this case, it may be made so as to
be easily peeled off by selecting a material absorbing the laser
beam and heating the interface between the nitride layer and
the oxide layer. However, in the case where the laser beam is
used, a translucent one is used as a substrate.

Moreover, in the above-described constitution, as for the
nitride layer, the other layer may be provided between the
substrate and the nitride layer, for example, an insulating
layer, a metal layer or the like may be provided. However, in
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order to simplify the process, it is preferred that the nitride
layer being in contact with the surface of the substrate is
formed.

Moreover, instead of the nitride layer, a metal layer, pref-
erably a nitride metal layer may be used, a metal layer, pref-
erably a metal nitride layer is provided, and further, an oxide
layer is provided in contact with the foregoing metal nitride
layer, and further, if the film formation processing or the heat
processing of 500° C. or more in temperature is carried out,
the film peeling does not occur, it can be easily and clearly
separated on the inside of the oxide layer or on the interface
with the oxide layer by the physical means.

The constitution 3 of the invention related to a peeling off
method disclosed in the present specification, is a method of
peeling off a peeled off layer from a substrate,
it is characterized by the fact that on the foregoing substrate,
ametal layer is provided, after a peeled off layer consisted of
a lamination containing an oxide layer being in contact with
at least the foregoing metal layer was formed on the substrate
on which the foregoing metal layer has been provided, the
relevant peeled off layer is peeled off on the inside of the
foregoing oxide layer or on the interface with the oxide layer
from the substrate on which the foregoing metal layer has
been provided by the physical means.

Moreover, it may be peeled off after the supporting body
was adhered using an adhesive, the constitution 4 of the
invention related to a peeling off method disclosed in the
present specification,

is a method of peeling off a peeled off layer from a sub-

strate, and

it is characterized by the fact that on the foregoing substrate,
ametal layer is provided, after a peeled off layer consisted of
a lamination containing an oxide layer being in contact with
at least the foregoing metal layer was formed on the substrate
on which the foregoing metal layer has been provided, the
peeled off layer adhered to the foregoing supporting body is
peeled off on the inside of the foregoing oxide layer or on the
interface with the oxide layer from the substrate on which the
foregoing metal layer has been provided by the physical
means.

Moreover, in the above-described constitution 4, in order to
promote the peeling off, the heat processing or the irradiation
of a laser beam may be performed before the foregoing sup-
porting body is adhered. In this case, it may be made so as to
be easily peeled off by selecting a material absorbing the laser
beam and heating the interface between the metal layer and
the oxide layer. However, in the case where the laser beam is
used, a translucent one is used as a substrate.

It should be noted that in the present specification, the
physical means is referred to a means recognized by physics,
not by chemistry, concretely, the term indicates a dynamic
means or a mechanical means having a process capable of
attributing to the laws of dynamics and also indicates a means
for changing any dynamic energy (mechanical energy).

However, in either of the above-described constitution 2
and constitution 4, when these are peeled off by the physical
means, it is required so that the bonding force between the
oxide layer and the metal layer is made smaller than the
bonding force with the supporting body.

Moreover, in the above-described constitution 3 or consti-
tution 4, the foregoing metal layer is characterized by the fact
that it is an element selected from Ti, Al, Ta, W, Mo, Cu, Cr,
Nd, Fe, Ni, Co, Zr, Zn, Ru, Rh, Pd, Os, Ir and Pt, a monolayer
consisted of alloy materials or compound materials whose
principal component is the foregoing element, or a lamination
of these metals or a mixture of these.
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Moreover, in the above-described constitution 3 or consti-
tution 4, as for the metal layer, the other layer, for example, an
insulating layer or the like may be provided between the
substrate and the metal layer, but in order to simplify the
process, it is preferable that the metal layer being in contact
with the surface of the substrate is formed.

Moreover, in the above-described present invention, all
kinds of substrates, not limited to a substrate having a trans-
lucency, for example, a glass substrate, a quartz substrate, a
semiconductor substrate, a ceramic substrate, a metal sub-
strate can be used, and a peeled off layer provided on the
substrate can be peeled off. Moreover, in the above-described
respective constitutions, the foregoing oxide layer is charac-
terized by the fact that it is a monolayer consisted of silicon
oxide material, or metal oxide material or lamination of these.

Moreover, in the above-described respective constitutions,
in order to promote the peeling off, the heat processing or the
irradiation of a laser beam may be performed before the
peeling off is performed by the foregoing physical means.

Moreover, a semiconductor device can be fabricated by
pasting (transferring) a peeled off layer provided on the sub-
strate on the transferring body using a peeling of method of
the above-described present invention, the constitution of the
invention related to a method of manufacturing a semicon-
ductor device,
is a method of manufacturing a semiconductor device char-
acterized by the fact that it has the steps of,
forming a nitride layer on a substrate,
forming an oxide layer on the foregoing nitride layer,
forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off the relevant supporting body on the inside of the
oxide layer or on the interface with the foregoing oxide layer
from the substrate by the physical means after the supporting
body was adhered to the foregoing element, and
adhering a transferring body to the foregoing insulating layer
or the foregoing oxide layer, and sandwiching the foregoing
element between the foregoing supporting body and the fore-
going transferring body.

Moreover, in the above-described constitution, in order to
promote the peeling off, the heat processing or the irradiation
of a laser beam may be performed before the foregoing sup-
porting body is adhered. In this case, it may be made so as to
be easily peeled off by selecting a material for absorbing the
laser beam for the nitride layer and heating the interface
between the nitride layer and the oxide layer. However, in the
case where the laser beam is used, a translucent one is used as
a substrate. Moreover, in order to promote the peeling off, it
may be made so as to be easily peeled off by providing an
oxide in a granular shape on the nitride layer, an oxide layer
for covering the relevant oxide in a granular shape, the con-
stitution of the invention related to a method of manufacturing
a semiconductor device,
is a method of preparing a semiconductor device, character-
ized by the fact that it has the steps of,
forming a nitride layer on a substrate,
forming an oxide in a granular shape on the foregoing nitride
layer,
forming an oxide layer for covering the foregoing oxide on
the foregoing nitride layer,
forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off the relevant supporting body on the inside of the
oxide layer or on the interface with the foregoing oxide layer
from the substrate by the physical means after the supporting
body was adhered to the foregoing element, and
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adhering a transferring body to the foregoing insulating layer
or the foregoing oxide layer, and sandwiching the foregoing
element between the foregoing supporting body and the fore-
going transferring body.

Moreover, the constitution of the invention related to a
method of preparing the other semiconductor device, is a
method of manufacturing a semiconductor device, character-
ized by the fact that it has the steps of, forming a layer
containing a metal material on a substrate,
forming an oxide layer on the foregoing layer containing the
metal material,
forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off the relevant supporting body on the inside of the
oxide layer or on the interface with the foregoing oxide layer
from the substrate by the physical means after the supporting
body was adhered to the foregoing element, and
adhering a transferring body to the foregoing insulating layer
or the foregoing oxide layer, and sandwiching the foregoing
element between the foregoing supporting body and the fore-
going transferring body.

Moreover, in the above-described constitution, in order to
promote the peeling off, the heat processing or the irradiation
of a laser beam may be performed before the foregoing sup-
porting body is adhered. In this case, it may be made so as to
be easily peeled off by selecting a material absorbing the laser
beam for the metal layer and heating the interface between the
metal layer and the oxide layer. However, in the case where
the laser beam is used, a translucent one is used as a substrate.
Moreover, in order to promote the peeling off, it may be made
s0 as to be easily peeled off by providing an oxide in a
granular shape on a layer containing a metal material and an
oxide layer for covering the relevant oxide in a granular
shape, the constitution of the invention related to a method of
manufacturing a semiconductor device,
is a method of manufacturing a semiconductor device, char-
acterized by the fact that it has the steps of,
forming a layer containing a metal material on a substrate,
forming an oxide in a granular shape on the foregoing layer
containing the metal material,
forming an oxide layer for covering the foregoing oxide,
forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off the relevant supporting body on the inside of the
oxide layer or on the interface with the foregoing oxide layer
from the substrate by the physical means after the supporting
body was adhered to the foregoing element, and
adhering a transferring body to the foregoing insulating layer
or the foregoing oxide layer, and sandwiching the foregoing
element between the foregoing supporting body and the fore-
going transferring body.

Inthe above-described constitution, it is preferable that the
foregoing layer containing the metal material is a nitride, the
foregoing metal material is characterized by the fact that it is
an element selected from Ti, Al, Ta, W, Mo, Cu, Cr, Nd, Fe,
Ni, Co, Zr, Zn, Ru, Rh, Pd, Os, Ir and Pt, a monolayer con-
sisted of alloy materials or compound materials whose prin-
cipal component is the foregoing element, or a lamination of
these metals or a mixture of these.

Moreover, a semiconductor device can be prepared by
pasting a peeled off layer provided on the substrate on the first
transferring body or the second transferring body using a
method of peeling off of the above-described present inven-
tion, the constitution of the invention related to a method of
manufacturing a semiconductor device,
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is a method of manufacturing a semiconductor device char-
acterized by the fact that it has the steps of,

forming a layer containing a metal material on a substrate,
forming an oxide in a granular shape on the foregoing layer
containing the metal material,

forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off on the inside of the oxide layer or on the interface
with the foregoing oxide layer from the substrate by the
physical means,

adhering the first transferring body to the foregoing insulating
layer or the foregoing oxide layer, and adhering the second
transferring body to the foregoing element and sandwiching
the foregoing element between the foregoing first transferring
body and the foregoing second transtferring body.

In the above-described constitution, it is preferable that the
foregoing layer containing the metal material is a nitride, the
foregoing metal material is characterized by the fact that it is
an element selected from Ti, Al, Ta, W, Mo, Cu, Cr, Nd, Fe,
Ni, Co, Zr, Zn, Ru, Rh, Pd, Os, Ir and Pt, a monolayer con-
sisted of alloy materials or compound materials whose prin-
cipal component is the foregoing element, or a lamination of
these metals or a mixture of these.

Moreover, the constitution of the invention related to a
method of preparing the other semiconductor device, is a
method of manufacturing a semiconductor device character-
ized by the fact that it has the steps of,
forming a nitride layer on a substrate,
forming an oxide layer on the foregoing nitride layer,
forming an insulating layer on the foregoing oxide layer,
forming an element on the foregoing insulating layer,
peeling off on the inside of the oxide layer or on the interface
with the foregoing oxide layer from the substrate by the
physical means,
adhering the first transferring body to the foregoing insulating
layer or the foregoing oxide layer, and adhering the second
transferring body to the foregoing element and sandwiching
the foregoing element between the foregoing first transferring
body and the foregoing second transtferring body.

Moreover, in the above-described respective constitutions
related to a method of manufacturing the above-described
semiconductor device, the foregoing oxide layer is character-
ized by the fact that it is a monolayer consisted of a silicon
oxide material or a metal oxide material or a lamination of
these.

Moreover, in the above-described respective constitutions
related to a method of preparing the above-described semi-
conductor device, in order to further promote the peeling off,
the heating processing or the irradiation of laser beam may be
performed before the peeling off is performed by the forego-
ing physical means.

Moreover, in the above-described respective constitutions
related to a method of manufacturing the above-described
semiconductor device, the foregoing element is characterized
by the fact that it is a thin film transistor comprising a semi-
conductor layer as an active layer, the step of forming the
foregoing semiconductor layer is a step in which a semicon-
ductor layer having an amorphous structure is crystallized by
performing the heat processing or the irradiation of a laser
beam, and making it a semiconductor layer having a crystal-
line structure.

It should be noted that in the present specification, the term
“transferring body” is one for being adhered to the peeled
layer after it was peeled off, is not particularly limited, and
may be a base member of any component such as plastic,
glass, metal, ceramics or the like. Moreover, in the present
specification, the term “supporting body” may be one for
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being adhered to the peeled layer when it is peeled off by the
physical means, is not particularly limited, may be a base
member of any component such as plastics, glass, metal,
ceramics, or the like. Moreover, the shape of the transferring
body and the shape of the supporting body are neither par-
ticularly limited, and may be one having a plane, one having
a curved surface, one having a surface capable of being
curved, or one in a film shape. Moreover, if the weight saving
is the top priority, it is preferable that it is a plastic substrate in
a film shape, for example, polyethylene terephthalate (PET),
polyether sulfone (PES), polyethylene naphthalate (PEN),
polycarbonate (PC), nylon, polyether ether ketone (PEEK),
polysulfone (PSF), polyether imide (PEI), polyarylate (PAR),
polybutylene terephthalate (PBT), polyimide or the like. In
the above-described respective constitution related to a
method of manufacturing the above-described semiconduc-
tor device, in the case where a liquid crystal display device is
prepared, the supporting body is made as an opposing sub-
strate, the supporting body may be adhered to the peeled off
layer by utilizing a sealing member as an adhesive member. In
this case, an element provided on the foregoing peeled off
layer has a pixel electrode, and it is made so that a liquid
crystal material is packed between the relevant pixel electrode
and the foregoing opposing substrate.

Moreover, in the above-described respective constitution
related to a method of preparing the above-described semi-
conductor device, in the case where a light emitting device
represented by a light emitting device having an OLED is
prepared, it is preferable that a light emitting element is
completely interrupted from the external so as to prevent
substances such as water content, oxygen or the like which
promotes the deterioration of an organic compound layer
from penetrating from the external. Moreover, if the weight
saving is the top priority, it is preferable that a plastic substrate
in a film shape is used. However, since it is weak in an effect
to prevent substances such as water content, oxygen or the
like promoting the deterioration of the organic compound
layer from penetrating from the external, it may be config-
ured, for example, so that it sufficiently prevents substances
such as water content, oxygen or the like promoting the dete-
rioration of the organic compound layer from penetrating
from the external by providing the first insulating film, the
second insulating film and the third insulating film on the
supporting body. However, the foregoing second insulating
film (stress relaxation) sandwiched between the foregoing
first insulating film (barrier film) and the foregoing third
insulating film (barrier film) is made so that its film stress is
smaller than those of the foregoing first insulating film and the
foregoing third insulating film.

Moreover, in the case where a light emitting device repre-
sented by a light emitting device having an OLED is prepared,
it is preferable that the invasion of substances such as water
content, oxygen, or the like from the external is sufficiently
prevented by providing the first insulating film, the second
insulating film and the third insulating film not only on the
supporting body but also similarly on the transferring body.
(Experiment 1)

Here, an oxide layer being in contact with a nitride layer or
a metal layer was provided, and in order to verify whether or
not a peeled layer could be peeled off from the substrate, the
following experiment was carried out.

First, a lamination as indicated in FIG. 3A was formed on
the substrate.

As a substrate 30, a glass substrate (#1737) was used.
Moreover, on the substrate 30, an aluminum-silicon alloy
layer 31 was formed in thickness of 300 nm by a sputtering
method. Subsequently, a titanium nitride layer 32 was formed
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in thickness of 100 nm by a sputtering method. Subsequently,
a silicon oxide layer 33 was formed in thickness of 200 nm by
a sputtering method. The film formation conditions of the
silicon oxide layer 33 were made as 150° C. of the substrate
temperature, 0.4 Pa of the film forming pressure, 3 kW of the
film forming electric power, Argon volumetric flow rate/oxy-
gen volumetric flow rate=35 sccm/15 scecm by utilizing a
sputtering apparatus of RF method, and by utilizing silicon
oxide target (diameter, 30.5 cm).

Subsequently, a primary coat insulating layer was formed
on the silicon oxide layer 33 by a plasma CVD method. As a
primary coat insulating layer, a silicon oxynitride film 34a
(composition ratio Si=32%, 0=27%, N=24%, and H=17%)
prepared from the raw material gases SiH,, NH;, and N,O
was formed in thickness of 50 nm at 300° C. of the film
formation temperature by a plasma CVD method. Subse-
quently, after the surface was washed by ozone water, the
oxide film of the surface was removed by dilute hydrofluoric
acid (1:100 dilution). Subsequently, a silicon oxynitride film
345 (composition ratio Si=32%, 0=59%, N=7%, and H=2%)
prepared from the raw material gases SiH, and N,O was
lamination-formed in thickness of 100 nm at 300° C. of the
film formation temperature by a plasma CVD method, and
further, a semiconductor layer (here, an amorphous silicon
layer 35) having an amorphous structure was formed in thick-
ness of 54 nm at 300° C. of the film formation temperature
without the air release by a plasma CVD method (FIG. 3 A).

Subsequently, nickel acetate solution containing 10 ppm of
nickel when it is converted to weight was coated by a spinner.
A method of spreading over the entire surface with nickel
element by a sputtering method instead of coating may be
employed. Subsequently, a semiconductor film having a crys-
tal structure (here, polysilicon layer 36) was formed by per-
forming the heat processing and crystallizing it (FIG. 3B).
Here, after the heat processing (500° C., one hour) for dehy-
drogenation was carried out, a silicon film having a crystal
structure was obtained by performing the heat processing for
crystallization (550° C., 4 hours). It should be noted that
although here, a crystallization technology using nickel as a
metal element for promoting the crystallization of silicon is
used, the other known crystallization technology, for
example, solid phase crystallization method or laser crystal-
lization method may be used.

Subsequently, as an adhesive layer 37, an epoxy resin was
used, and a film substrate 38 (here, polyethylene terephthalate
(PET)) was pasted on a polysilicon layer (FIG. 3C).

After the state of FIG. 3 C was obtained, these were pulled
by human hands so that the film substrate 38 and the substrate
30 would be separated. It could be recognized that at least
titanium nitride and aluminum-silicon alloy layer remained
on the substrate 30 which has been pulled away. It is expected
that it is peeled off on the inside of the silicon oxide 33 or on
the interface with the silicon oxide 33 by this experiment.

In this way, the peeled layer can be peeled off from the
entire surface of the substrate 30 by providing an oxide layer
being in contact with a nitride layer or a metal layer and
pulling away the peeled layer provided on the relevant oxide
layer.

(Experiment 2)

In order to specify the location where the peeling off was
occurred, it was partially peeled off by a method of peeling off
of'the present invention, and an experiment for examining the
cross section nearby its boundary was carried out.

As a substrate, the glass substrate (#1737) was used. More-
over, on the substrate, a titanium nitride layer was formed in
thickness of 100 nm on the substrate by a sputtering method.
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Subsequently, a silicon oxide layer was formed in thick-
ness of 200 nm by a sputtering method. The conditions for
film formation of the silicon oxide layer were made as 150° C.
of the substrate temperature, 0.4 Pa of the film forming pres-
sure, 3 kW of the film formation electric power, Argon volu-
metric flow rate/oxygen volumetric flow rate=35 sccm/15
sccm by utilizing a sputtering apparatus of RF method, and by
utilizing silicon oxide target (diameter, 30.5 cm).

Subsequently, a primary coat insulating layer was formed
on the silicon oxide layer by a plasma CVD method. As a
primary coat insulating layer, a silicon oxynitride film (com-
position ratio Si=32%, 0=27%, N=24% and H=17%) pre-
pared from the raw material gases SiH,, NH;, and N,O was
formed in thickness of 50 nm at 300° C. of the film formation
temperature by a plasma CVD method. Subsequently, after
the surface was washed by ozone water, the oxide film of the
surface was removed by dilute hydrofluoric acid (1:100 dilu-
tion). Subsequently, a silicon oxynitride film (composition
ratio Si=32%, 0=59%, N=7% and H=2%) prepared from the
raw material gases SiH, and N,O was lamination-formed in
thickness of 100 nm at 300° C. of the film formation tempera-
ture by a plasma CVD method, and further, a semiconductor
layer (here, an amorphous silicon layer) having an amorphous
structure was formed in thickness of 54 nm at 300° C. of the
film formation temperature without the air release by a
plasma CVD method.

Subsequently, nickel acetate solution containing 10 ppm of
nickel when converting to weight value was coated by a
spinner. A method of spreading over the entire surface with
nickel element by a sputtering method instead of coating may
be employed. Subsequently, a semiconductor film having a
crystal structure (here, polysilicon layer) was formed by per-
forming the heat processing and crystallizing it. Here, after
the heat processing (500° C., one hour) for dehydrogenation
was carried out, a silicon film having a crystal structure was
obtained by performing the heat processing for crystallization
(550° C., 4 hours).

Subsequently, an adhesive tape was pasted on the portion
of the polysilicon layer, and these were pulled so that the
adhesive tape and the substrate are separated by human hands.
Then, only the location where the adhesive tape was pasted
was peeled off, and transferred to the tape. A TEM photo-
graph on the peeled boundary on the substrate side is shown
in FIG. 20 A, and its schematic diagram is shown in FIG. 20
B.

As shown in FIG. 20, the titanium nitride layer entirely
remained on the glass substrate, the portion where the tape
was adhered and transferred was clearly transterred, the lami-
nation (SiO, film by a sputtering method, the insulating films
(1) and (2) by PCVD method, and polysilicon film) was
removed. From these, it is understood that the peeling
occurred on the interface between the titanium nitride layer
and SiO, film by a sputtering method.

(Experiment 3)

Here, in the case where the material of a nitride layer or a
metal layer was made TiN, W and WN, in order to verify
whether or not the peeled layer provided on the oxide layer
can be peeled off, the following experiment was carried out
by providing an oxide layer (silicon oxide: film thickness, 200
nm) being in contact with the nitride layer or the metal layer.

As the Sample 1, after TiN was formed in film thickness of
100 nm on the glass substrate by utilizing a sputtering
method, a silicon oxide film with a thickness of 200 nm was
formed by sputtering. After performing the step of the forma-
tion of the silicon oxide, the lamination and crystallization
were performed similarly to Experiment 1.



US 9,202,987 B2

11

As a Sample 2, after W was formed in film thickness of 50
nm on the glass substrate by a sputtering method, a silicon
oxide film of 200 nm in thickness was formed by utilizing a
sputtering method. After performing the step of the formation
of the silicon oxide film, the lamination and crystallization
were performed similarly to Experiment 1.

AsaSample 3, after WN was formed in film thickness of 50
nm on the glass substrate by a sputtering method, a silicon
oxide film of 200 nm in thickness was formed by utilizing a
sputtering method. After performing the step of the formation
of the silicon oxide film, the lamination and crystallization
were performed similarly to Experiment 1.

In this way, Samples 1-3 were formed, and in order to
confirm whether or not the peeled layer is pecled off by
adhering an adhesive tape to the peeled layer, an experiment
was carried out. The results are shown in Table 1.

TABLE 1

Second material
layer

First material
layer

(Lower layer) (Upper layer) Tape test
Sample 1 TiN (100 nm) Silicon oxide Peeled off
(200 nm)
Sample 2 W (50 nm) Silicon oxide Peeled off
(200 nm)
Sample 3 WN (50 nm) Silicon oxide Peeled off
(200 nm)

Moreover, the internal stress on the respective silicon oxide
film, TiN film, W film before and after the heat processing
(550° C., 4 hours) was measured. The results are indicated in
Table 2.

TABLE 2

Internal stress value of film (dyne/cm?)

After film formation After heat processing

Silicon oxide -9.40E+08 -1.34E+09
film -9.47E+08 -1.26E+09
TiN film 3.90E+09 4.36E+09
3.95E+09 4.50E+09

W film -7.53E+09 8.96E+09
-7.40E+09 7.95E+09

It should be noted that as for the silicon oxide film, the film
formed in film thickness of 400 nm on the silicon substrate by
a sputtering method was measured. As for TiN film and W
film, after these were formed in film thickness of 400 nm on
the glass substrate by a sputtering method, the internal stress
was measured, then, an silicon oxide film was laminated as a
cap film. After the heat processing was performed, the cap
film was removed by an etching, and then the internal stress
was measured again. Moreover, 2 pieces of the respective
sample was prepared and the measurements were carried out.

As for W film, although it has the compressive stress (about
-7x10° (Dyne/cm?)) immediately after the film formation,
the film has the tensile stress (about 8x10°-9x10° (Dyne/
cm?)) by the heat processing, and the peeling off state was
excellent. As for TiN film, the stress was hardly changed
before and after the heating processing, it remained as it had
the tensile stress (about 3.9x10°-4.5x10° (Dyne/cm?)). More-
over, as for the silicon oxide film, the stress was hardly
changed before and after the heat processing, it remained as it
had the compressive stress (about —9.4x10%--1.3x10° (Dyne/
cm?)).
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From these results, it can be read that the peeling phenom-
enon relates to adhesiveness due to a variety of factors, how-
ever, particularly, is deeply concerned with the internal stress,
in the case where the oxide layer was formed on the nitride
layer or the metal layer, the peeled layer can be peeled off
from the entire surface of the interface between the nitride
layer or the metal layer and the oxide layer.

(Experiment 4)

To examine dependency on a heating temperature, the fol-
lowing experiment was conducted.

As a sample, after forming a W film (tungsten film) over a
substrate to a thickness of 50 nm by sputtering, a silicon oxide
film was formed to a thickness of 200 nm by using a sputter-
ing (argon gas flow rate of 10 sccm, oxygen gas flow rate of 30
sccm, a film formation pressure of 0.4 Pa, sputtering electric
power of 3 kW, a substrate temperature of 300° C., using a
silicon target). Next, a primary coat insulating layer (silicon
oxinitride film of 50 nm and silicon oxinitride film of 100 nm)
and an amorphous silicon film of 54 nm in thickness are
formed by plasma CVD in the same way as Experiment 1.

Next, after conducting heat treatment while varying con-
ditions of heating temperatures, a quartz substrate is stuck on
an amorphous silicon film (or a polysilicon film) by using an
adhesive material, and the quartz substrate and the glass sub-
strate are separated from each other by pulling them away by
human’s eye to examine whether they can be peeled off or not.
The condition 1 for the heating temperature is 500° C. and 1
hour, and the condition 2 is 450° C. and 1 hour, and the
condition 3 is 425° C. and 1 hour, the condition 4 is 410° C.
and 1 hour, and the condition 5 is 400° C. and 1 hour, and the
condition 6 is 350° C. and 1 hour.

As a result of the experiments, the sample can be peeled off
under the conditions 1 to 4. The sample can not be peeled off
under the conditions 5 and 6. Accordingly, in the peeling off
method according to the present invention, it is preferred that
the thermal treatment is conducted at least 410° C. or higher.

Further, when the W film is peeled off, the W film remains
on the entire surface of the glass substrate, and a lamination
layer (SiO, film by sputtering, and insulating films (1) and (2)
by PCVD, and an amorphous silicon film) is transferred on
the quarts substrate. FIG. 21 shows results for measuring a
surface of the transferred SiO, film by TXRF. The surface
roughness Rz (thirty points) are 5.44 nm by AFM measure-
ment. Further, FIG. 22 shows results for measuring a surface
of'the W film with 50 nm formed on the quartz substrate as a
reference. The surface roughness Rz (thirty points) is 22.8 nm
by AFM measurement. Further, FIG. 23 shows results for
measuring only the quartz substrate by TXRF. Because W
(tungsten) peaks of FIGS. 21 and 22 are similar when they are
compared, it is found that a little metallic material (tungsten
here) is stuck on a surface of the transferred SiO, film.

According to constitution of the present invention dis-
closed in the present specification, a semiconductor device
comprises a support, and a peeled off layer adhered to the
support by an adhesive material, and a silicon oxide film, a
little metallic material provided between the silicon oxide
film and the adhesive material.

In the above constitution, the metallic material comprises
anelement selected from the group consisting of W, Ti, Al, Ta,
Mo, Cu, Cr, Nd, Fe, Ni, Co, Zr, Zn, Ru, Rh, Pd, Os, Ir and Pt,
or an alloy material or a compound material which comprises
the above element as a main component.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are diagrams for illustrating Embodiment
1 of the present invention;

FIGS. 2A to 2¢ are diagrams for illustrating Embodiment 2
of the present invention;

FIGS. 3A to 3D are diagrams for illustrating experiments
of the present invention;

FIGS. 4A to 4C are diagrams for illustrating Embodiment
3 of the present invention;

FIGS. 5A to 5C are diagrams for illustrating Embodiment
4 of the present invention;

FIGS. 6A to 6D are diagrams showing the preparing steps
of active matrix substrate;

FIGS. 7A to 7C are diagrams showing the preparing steps
of active matrix substrate;

FIG. 8 is a diagram showing an active matrix substrate;

FIGS. 9A to 9D are diagrams for illustrating Example 2 of
the present invention;

FIGS. 10A to 10E are diagrams for illustrating Example 3
of the present invention;

FIG. 11 is a diagram for illustrating Example 4 of the
present invention;

FIG. 12 is a diagram for illustrating Example 5 of the
present invention;

FIGS. 13A to 13D are diagrams for illustrating Example 6
of the present invention;

FIGS. 14A to 14C are diagrams for illustrating Example 7
of the present invention;

FIG. 15 is a diagram for illustrating Example 8 of the
present invention;

FIGS. 16A and 16B are diagrams for illustrating Example
9 of the present invention;

FIG. 17 is a diagram for illustrating Example 9 of the
present invention;

FIGS.18A to 18F are diagrams showing one example of an
electronic equipment;

FIGS.19A 10 19C are diagrams showing one example of an
electronic equipment;

FIGS. 20A and 20B are cross sectional TEM photograph
and a schematic diagram of the boundary location partially
peeled off.

FIG. 21 is a graph showing results for measuring a surface
of the peeled off silicon oxide film by TXRF.

FIG. 22 is a graph showing results for measuring a surface
of W film formed on a quartz substrate by TXRF. (Reference)

FIG. 23 is a graph showing results for measuring a surface
of a quartz substrate by TXRF. (Reference)

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described.

Embodiment 1

Hereinafter, a representative peeling off procedure utiliz-
ing the present invention will be schematically shown with
reference to FIG. 1.

In FIG. 1 A, the reference numeral 10 denotes a substrate,
the reference numeral 11 denotes a nitride layer or a metal
layer, the reference numeral 12 denotes an oxide layer, and
the reference numeral 13 denotes a peeled off layer.

In FIG. 1 A, as for the substrate 10, a glass substrate, a
quartz substrate, a ceramic substrate or the like can be used.
Moreover, a silicon substrate, a metal substrate or a stainless
substrate may also be used.
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First, as shown in FIG. 1 A, the nitride layer or metal layer
11 is formed on the substrate 10. As the nitride layer or metal
layer 11, representative examples are as follows: an element
selected from Ti, Al, Ta, W, Mo, Cu, Cr,Nd, Fe, Ni, Co, Zr, Zn,
Ru, Rh, Pd, Os, Ir and Pt, or a monolayer consisted of alloy
materials or compound materials whose principal compo-
nents are the foregoing elements or a lamination of these, or
amonolayer consisted of these nitrides, for example, titanium
nitride, tungsten nitride, tantalum nitride, molybdenum or a
lamination of these. These may be used. Subsequently, the
oxide layer 12 is formed on the nitride layer or metal layer 11.
As the oxide layer 12, one representative example may use
silicon oxide, oxynitride silicon and metal oxide materials. As
for the oxide layer 12, film formation methods such as sput-
tering method, plasma CVD method, coating method may be
used. In the present invention, it is important that the film
stress of this oxide layer 12 and the film stress of the nitride
layer or metal layer 11 are made different from each other.
The respective film thickness is appropriately set in the range
from 1 nm to 1000 nm, and the respective film stress may be
adjusted. Moreover, FIG. 1, in order to contemplate the sim-
plification of the process, one example in which the nitride
layer or metal layer 11 being in contact with the substrate 10
is formed has been shown, but the adhesiveness with the
substrate 10 may be enhanced by providing an insulating
layer or metal layer between the substrate 10 and the nitride
layer or metal layer 11.

Subsequently, a peeled off layer 13 is formed on the oxide
layer 12 (FIG. 1A). The peeled off layer may be a layer
containing a variety of elements (thin film diode, photoelec-
tric conversion element comprising PIN junction of silicon,
and silicon resistance element) whose representative is TFT.
Moreover, the heat processing in the range where the sub-
strate 10 is endurable can be performed. It should be noted
that in the present invention, even ifthe film stress of the oxide
layer 12 and the film stress of the nitride layer or metal layer
11 are different, the film peeling or the like does not occur by
the heat processing in the preparing step of the peeled off
layer 13.

Subsequently, the substrate 10 on which the nitride layer or
metal layer 11 is provided is pulled away by the physical
means (FIG. 1B). Since the film stress of the oxide layer 12
and the film stress of the nitride layer or metal layer 11 are
different, these can be pulled away by a comparatively small
force. Moreover, although here, one example in which it is
supposed that the peeled off layer 13 has a sufficient mechani-
cal strength is shown, in the case where the mechanical
strength of the peeled off layer 13 is not sufficient, it is
preferred that after the supporting body (not shown) for fixing
the peeled off layer 13 was pasted, it is peeled off. In this way,
the peeled off layer 13 formed on the oxide layer 12 can be
separated from the substrate 10. The state after it was peeled
off is shown in FIG. 1 C.

In Experiment, in the case where tungsten film has thick-
ness of 10 nm as the metal layer 11, and the silicon oxide film
has thickness of 200 nm as an oxide layer 12 by a sputtering
method, the peeling off could be confirmed according to a
peeling off method of the present invention. In the case where
tungsten film has thickness of 50 nm as the metal layer 11, and
the silicon oxide film has thickness of 100 nm as an oxide
layer 12 by a sputtering method, the peeling off could be
confirmed according to a peeling off method of the present
invention. In the case where tungsten film has thickness of 50
nm as the metal layer 11, and the silicon oxide film has
thickness of 400 nm as an oxide layer 12 by sputtering
method, the peeling off could be confirmed according to a
peeling off method of the present invention.
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Moreover, after it was peeled off, the peeled off layer 13
pulled away may be pasted on the transferring body (not
shown).

Moreover, the present invention can be applied to a method
of preparing a variety of semiconductor devices. Particularly,
it can be made light by using plastic substrate for a transfer-
ring body and supporting body. In the case where a liquid
crystal display device is prepared, the supporting body is
made as an opposing substrate, the supporting body may be
adhered to the peeled layer by utilizing a seal member as an
adhesive member. In this case, an element provided on the
foregoing peeled layer has a pixel electrode, and it is made so
that a liquid crystal material is packed between the relevant
pixel electrode and the foregoing opposing substrate. More-
over, the order of the processes for the preparation of a liquid
crystal display device is not particularly limited, and an
opposing substrate as a supporting body was pasted. After the
liquid crystal was implanted, the substrate may be peeled off
and pasted on a plastic substrate as a transferring body, or
after the pixel electrode was formed, the substrate may be
peeled off, after the plastic substrate as the first transferring
body was pasted, the opposing substrate as the second trans-
ferring body may be pasted.

Moreover, in the case where a light emitting device repre-
sented by a light emitting device having an OLED is prepared,
it is preferable that the supporting body is made as a sealing
medium, a light emitting element is completely interrupted
from the exterior so as to prevent substances such as water
content, oxygen or the like which promotes the deterioration
of an organic compound layer from penetrating from the
exterior. Moreover, in the case where a light emitting device
represented by a light emitting device having an OLED is
prepared, it is preferable that substances such as water, oxy-
gen or the like promoting the deterioration of the organic
compound layer is sufficiently prevented from penetrating
from the exterior not only into the supporting body but also
the transferring body. Moreover, the order of the processes for
the preparation of alight emitting device is not particularly
limited.

After a light emitting element was formed, a plastic sub-
strate as a supporting body may be pasted, the substrate may
be peeled off, and the plastic substrate as a transferring body
may be pasted, or after a light emitting element was formed,
the substrate may be peeled off, and after the plastic substrate
as the first transferring body was pasted, the plastic substrate
as the second transferring body may be pasted.

Embodiment 2

As for the present Embodiment, the peeling off procedure
for peeling off the substrate while the impurities diffusion
from the nitride layer or metal layer and the substrate is
prevented by providing a primary coat insulating layer being
in contact with the peeled off layer is schematically shown in
FIG. 2.

In FIG. 2 A, the reference numeral 20 denotes a substrate,
the reference numeral 21 denotes a nitride layer or a metal
layer, the reference numeral 22 denotes an oxide layer, the
reference numerals and characters 23a and 2356 denote pri-
mary coat insulating layers, and the reference numeral 24
denotes a peeled off layer.

In FIG. 2 A, as for the substrate 20, a glass substrate, a
quartz substrate, a ceramic substrate or the like can be used.
Moreover, a silicon substrate, a metal substrate or a stainless
substrate may also be used.

First, as shown in FIG. 2 A, the nitride layer or metal layer
21 is formed on the substrate 20. As the nitride layer or metal
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layer 21, representative examples are as follows: an element
selected from Ti, Al, Ta, W, Mo, Cu, Cr,Nd, Fe, Ni, Co, Zr, Zn,
Ru, Rh, Pd, Os, Ir and Pt, or a monolayer consisted of alloy
materials or compound materials whose principal compo-
nents are the foregoing elements or a lamination of these, a
monolayer consisted of these nitrides, for example, titanium
nitride, tungsten nitride, tantalum nitride, molybdenum
nitride or a lamination of these. These may be used. Subse-
quently, the oxide layer 22 is formed on the nitride layer or
metal layer 21. As the oxide layer 22, one representative
example may use silicon oxide, oxynitride silicon, and metal
oxide materials. It should be noted that any film formation
method such as a sputtering method, a plasma CVD method,
coating method or the like might be applied to the oxide layer
22.

In the present invention, it is important that the film stress
of'this oxide layer 22 and the film stress of the nitride layer or
metal layer 21 are made different. The respective film thick-
ness is appropriately set in the range from 1 nm to 1000 nm,
and the respective film stress may be adjusted. Moreover,
FIG. 2, in order to contemplate the simplification of the pro-
cess, one example in which the nitride layer or metal layer 21
being in contact with the substrate 20 is formed has been
shown, but the adhesiveness with the substrate 20 may be
enhanced by providing an insulating layer or metal layer
between the substrate 20 and the nitride layer or metal layer
21.

Subsequently, a primary coat insulating layers 23a and 235
were formed on the oxide layer 22 by plasma CVD method.
Here, the silicon oxynitride film 23a (composition ratio
Si=32%, 0=27%, N=24% and H=17%) prepared from the
raw material gases SiH,, NH;, and N,O was formed (prefer-
ably, 10-200 nm) in thickness of 50 nm at 400° C. of the film
formation temperature by a plasma CVD method, and further
the silicon oxynitride film 236 (composition ratio Si=32%,
0=59%, N=7% and H=2%) prepared from the raw material
gases SiH, and N,O was lamination-formed (preferably,
50-200 nm) in thickness of 100 nm at 400° C. of the film
formation temperature by a plasma CVD method. But it is not
particularly limited, and a monolayer or a lamination having
three layers or more may be used. Subsequently, a peeled off
layer 24 is formed on the primary coat insulating layer 235
(FIG.2 A).

In this way, in the case where two-layer primary coat insu-
lating layers 23a and 235 were made, in the process in which
the peeled off layer 24 is formed, diffusion of the impurities
from the nitride layer or the metal layer 21 and the substrate
20 can be prevented. Moreover, the adhesiveness between the
oxide layer 22 and the peeled off 24 can be enhanced by
utilizing the primary coat insulating layers 23a and 234.

Moreover, in the case where the concave and convex are
formed on the surface due to the nitride layer or metal layer 21
and the oxide layer 22, the surface may be flattened before and
after the primary coat insulating layer is formed. The cover-
age on the peeled off layer 24 becomes more excellent when
it is flattened, in the case where the peeled off layer 24 con-
taining an element 24 is formed, it is preferable since the
element characteristics become easily stable. It should be
noted that as a flattening processing, an etch back method in
which an etching or the like is performed after the formation
of'the coated film (resist film or the like), a chemical mechani-
cal polishing method (CMP method) or the like may be used.

Subsequently, the substrate 20 on which the nitride layer or
metal layer 21 is provided is pulled away by the physical
means (FIG. 2 B). Since the film stress of the oxide layer 22
and the film stress of the nitride layer or metal layer 21 are
different, these can be pulled away by a comparatively small
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force. Moreover, although here, one example in which it has
been supposed that the peeled off layer 24 has a sufficient
mechanical strength is shown, in the case where the mechani-
cal strength of the peeled off layer 24 is not sufficient, it is
preferred that after the supporting body (not shown) for fixing
the peeled off layer 24 was pasted, it is peeled off.

In this way, the peeled off layer 24 formed on the primary
coat insulating layer 22 can be separated from the substrate
20. The state after it was peeled off is shown in FIG. 2 C.

Moreover, after it was peeled off, the peeled off layer 24
pulled away may be pasted on the transferring body (not
shown).

Moreover, the present invention can be applied to a method
of preparing a variety of semiconductor devices. Particularly,
it can be made light by using plastic substrate for a transfer-
ring body and supporting body. In the case where a liquid
crystal display device is prepared, the supporting body is
made as an opposing substrate, the supporting body may be
adhered to the peeled layer by utilizing an sealing medium as
an adhesive member. In this case, an element provided on the
peeled layer has a pixel electrode, and it is made so that a
liquid crystal material is packed between the relevant pixel
electrode and the foregoing opposing substrate. Moreover,
the order of the processes for the production of a liquid crystal
display device is not particularly limited, an opposing sub-
strate as a supporting body was pasted, after the liquid crystal
was implanted, and the substrate may be peeled off and pasted
on a plastic substrate as a transferring body, or after the pixel
electrode was formed, the substrate may be peeled off. After
the plastic substrate as the first transferring body was pasted,
the opposing substrate as the second transferring body may be
pasted.

Moreover, in the case where a light-emitting device repre-
sented by a light emitting device having an OLED is prepared,
it is preferable that the supporting body is made as a sealing
medium, a light emitting element is completely interrupted
from the exterior so as to prevent substances such as water
content, oxygen or the like which promotes the deterioration
of an organic compound layer from penetrating from the
exterior. Moreover, in the case where a light-emitting device
represented by a light emitting device having an OLED is
prepared, it is preferable that substances such as water con-
tent, oxygen or the like promoting the deterioration of the
organic compound layer is sufficiently prevented from pen-
etrating from the exterior not only into the supporting body
but also the transferring body. Moreover, the order of the
processes for the preparation of a light emitting device is not
particularly limited, after a light emitting element was
formed, a plastic substrate as a supporting body may be
pasted, the substrate may be peeled off, and the plastic sub-
strate as a transferring body may be pasted, or after a light
emitting element was formed, the substrate may be peeled off,
and after the plastic substrate as the first transferring body was
pasted, the plastic substrate as the second transferring body
may be pasted.

Embodiment 3

In the present embodiment, in addition to Embodiment 1,
an example in which the irradiation of laser beam or the heat
processing is performed in order to promote the peeling off'is
shown in FIG. 4.

In FIG. 4 A, the reference numeral 40 denotes a substrate,
the reference numeral 41 denotes a nitride layer or a metal
layer, the reference numeral 42 denotes an oxide layer and the
reference numeral 43 denotes a pecled off layer.

10

15

20

25

30

35

40

45

50

55

60

65

18

Since the step of forming it until the peeled off layer 43 is
made is the same with Embodiment 1, the description is
omitted.

After the peeled off layer 43 was formed, the irradiation of
laser beam is performed (FIG. 3 A). As a laser beam, a gas
laser such as an excimer laser or the like, a solid state laser
such as YVO, laser, YAG laser or the like, and a semiconduc-
tor laser may be used. Moreover, the form of laser may be
either of continuous oscillation or pulse oscillation, and the
shape of the laser beam may be any of linear, rectangular,
circular, or elliptical shape. Moreover, the wavelength to be
used may be any of fundamental wave, the second higher
harmonic wave, or the third higher harmonic wave.

Moreover, it is desirable that a material used for the nitride
layer or metal layer 41 is a material easily absorbing the laser
beam, and titanium nitride is preferred. It should be noted that
in order to make the laser beam pass, a substrate having a
transparency is used for the substrate 40.

Subsequently, the substrate 40 on which the nitride layer or
metal layer 41 is provided is pulled away by the physical
means (FIG. 4 B). Since the film stress of the oxide layer 42
and the film stress of the nitride layer or metal layer 41 are
different, these can be pulled away by a comparatively small
force.

The film stresses can be changed each other and the peeling
can be promoted by irradiating the laser beam and heating the
interface between the nitride layer or metal layer 41 and the
oxide layer 42, and the peeling off can be performed by
smaller force. Moreover, although here, one example in
which it is supposed that the peeled off layer 43 has a suffi-
cient mechanical strength is shown, in the case where the
mechanical strength of the peeled off layer 43 is not sufficient,
it is preferred that after the supporting body (not shown) for
fixing the peeled off layer 43 was pasted, it is peeled off.

In this way, the peeled off layer 43 formed on the oxide
layer 42 can be separated from the substrate 40. The state after
it was peeled off is shown in FIG. 4 C.

Moreover, it is not limited to the laser beam, a visible light
from the light source such as a halogen lump or the like, an
infrared ray, an ultraviolet ray, a microwave or the like may be
used.

Moreover, instead of laser beam, the heat processing in an
electric furnace may be available.

Moreover, before the supporting body is adhered, or before
it is peeled off by the foregoing physical means, the heating
processing or the irradiation of laser beam may be performed.

Furthermore, the present Embodiment can be combined
with Embodiment 2.

Embodiment 4

In the present embodiment, in addition to Embodiment 1,
an example in which an oxide in a granular shape is provided
on the interface between the nitride layer or metal layer and
the oxide layer in order to promote the peeling off is shown in
FIG. 5.

In FIG. 5 A, the reference numeral 50 denotes a substrate,
the reference numeral 51 denotes a nitride layer or a metal
layer, the reference numeral 52a denotes an oxide layer in a
granular shape, the reference numeral 526 denotes an oxide
layer, and the reference numeral 53 denotes a peeled off layer.

Since the step of forming it until the nitride layer or metal
layer 51 is formed is the same with Embodiment 1, the
description is omitted.

After the nitride layer or metal layer 51 was formed, the
oxide in a granular shape 52a is formed. As the oxide in a
granular shape 52a, a metal oxide material, form example,
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ITO (indium oxide-tin oxide alloy), indium oxide-zinc oxide
alloy (In,0;—Z7n0), zinc oxide (ZnO) or the like may be
used.

Subsequently, the oxide layer 525 for covering the oxide
layer 52a in a granular shape is formed. As the oxide layer
52b, one representative example may use silicon oxide,
oxynitride silicon, and metal oxide materials. It should be
noted that any film formation method such as a sputtering
method, a plasma CVD method, coating method or the like
might be applied to the oxide layer 234.

Subsequently, a peeled off layer 53 is formed on the oxide
layer 526 (FIG. 5 A).

Subsequently, the substrate 50 on which the nitride layer or
metal layer 51 is provided is pulled away by the physical
means (FIG. 5 B). Since the film stress of the oxide layer 52
and the film stress of the nitride layer or metal layer 51 are
different, these can be pulled away by a comparatively small
force.

The bonding force between the nitride layer or metal layer
51 and the oxide layer 52 is weakened, the adhesiveness from
each other is changed, the peeling off can be promoted by
providing the oxide in a granular shape 525 and these can be
peeled off by smaller force. Moreover, although here, an
example in which it is supposed that the peeled off layer 53
has a sufficient mechanical strength is shown, in the case
where the mechanical strength ofthe peeled off layer 53 is not
sufficient, it is preferred that after the supporting body (not
shown) for fixing the peeled off layer 53 was pasted, it is
peeled off.

In this way, the peeled off layer 53 formed on the oxide
layer 525 can be separated from the substrate 50. The state
after it was peeled off is shown in FIG. 5 C.

Furthermore, the present Embodiment can be combined
with Embodiment 2 or Embodiment 3.

The present invention comprising the above-described
constitutions will be described in detail with reference to
Examples shown below.

EXAMPLES
Example 1

Examples of the present invention will be described with
reference to FIG. 6 through FIG. 8. Here, a method in which
a pixel section and TFT of a drive circuit provided on the
periphery of the pixel section (n-channel type TFT and
p-channel type TFT) are prepared at the same time on the
same substrate will be described in detail.

First, the nitride layer or metal layer 101, the oxide layer
102 and the primary coat insulating film 103 are formed on
the substrate 100, after a semiconductor film having a crystal
structure was obtained, a semiconductor layers 104-108 iso-
lated in a island shape are formed by etching processing in the
desired shape.

As the substrate 100, the glass substrate (#1737) is used.

Moreover, as the metal layer 101, an element selected from
Ti, Al, Ta, W, Mo, Cu, Cr, Nd, Fe, Ni, Co, Zr, Zn, Ru, Rh, Pd,
Os, Ir and Pt, or a monolayer consisted of alloy materials or
compound materials whose principal components are the
foregoing elements or a lamination of these may be used.
More preferably, a monolayer consisted of these nitrides, for
example, titanium nitride, tungsten nitride, tantalum nitride,
molybdenum nitride or a lamination of these may be used.
Here, titanium nitride film having film thickness of 100 nm is
utilized by a sputtering method.

Moreover, as the oxide layer 102, a monolayer consisted of
a silicon oxide material or a metal oxide material, or a lami-
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nation of these may be used. Here, a silicon oxide film having
film thickness of 200 nm is used by a sputtering method. The
bonding force between the metal layer 101 and the oxide layer
102 is strong in heat processing, the film peeling (also
referred to as solely “peeling”) or the like does not occur.
However, it can be easily peeled off on the inside of the oxide
layer or on the interface by the physical means.

Subsequently, as a primary coat insulating layer, a silicon
oxynitride film 103a (composition ratio Si=32%, 0=27%,
N=24% and H=17%) prepared from the raw material gases
SiH,, NH;, and N,O was formed (preferably, 10-200 nm) in
thickness of 50 nm at 400° C. of the film formation tempera-
ture by a plasma CVD method. Subsequently, after the sur-
face was washed by ozone water, the oxide film of the surface
was removed by dilute hydrofluoric acid (1:100 dilution).
Subsequently, a silicon oxynitride film 1035 (composition
ratio Si=32%, 0=59%, N=7% and H=2%) prepared from the
raw material gases. SiH, and N,O was lamination-formed
(preferably, 50-200 nm) in thickness of 100 nm at 400° C. of
the film formation temperature by a plasma CVD method, and
further, a semiconductor layer (here, an amorphous silicon
layer) having an amorphous structure was formed (prefer-
ably, 25-80 nm) in thickness of 54 nm at 300° C. of the film
formation temperature without the air release by a plasma
CVD method.

Inthe present Example, although the primary coat film 103
is shown as a two-layer structure, a monolayer film of the
foregoing insulating film or a layer as a structure in which two
layers or more are laminated may be formed. Moreover, there
are no limitations to materials for a semiconductor film, but
preferably, it may be formed using a silicon or a silicon
germanium (S1,Ge, . (X=0.0001-0.02)) alloy or the like by
the known means (sputtering method, LPCVD method,
plasma CVD method or the like). Moreover, a plasma CVD
apparatus may be sheet type apparatus, or batch type appara-
tus. Moreover, the primary insulating film and the semicon-
ductor film may be continuously formed in the same film
formation chamber without contacting with the air.

Subsequently, after the surface of the semiconductor film
having an amorphous structure was washed, an oxide film
having an extremely thin thickness of about 2 nm is formed on
the surface with ozone water. Subsequently, in order to con-
trol the threshold value of TFT, a doping of a trace of impurity
element (boron or phosphorus) is performed. Here, boron was
added to the amorphous silicon film under the doping condi-
tions of 15 kV of acceleration voltage, 30 sccm of flow rate of
the gas in which diborane was diluted into 1% with hydrogen,
2x10'%/cm® of dosage without mass segregating diborane
(B,Hy) by utilizing an ion doping method in which plasma
excitation was performed.

Subsequently, nickel acetate solution containing 10 ppm of
nickel when it is converted to weight was coated by a spinner.
A method of spreading over the entire surface with nickel
element by a sputtering method instead of coating may be
employed.

Subsequently, a semiconductor film having a crystal struc-
ture was formed by performing the heat processing and crys-
tallizing it. For this heat processing, the heat processing of an
electric furnace or the irradiation of strong light may be used.
In the case where it is performed by utilizing the heat pro-
cessing of the electric furnace, it may be performed at 500°
C.-650° C. for 4-24 hours. Here, after the heat processing
(500° C., one hour) for dehydrogenation was carried out, a
silicon film having a crystal structure was obtained by per-
forming the heat processing for crystallization (550° C., 4
hours). It should be noted that although here, crystallization
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was performed using the heat processing by the furnace,
however, the crystallization may be performed by a lamp
anneal apparatus.

It should be noted that here, a crystallization technology
using nickel as a metal element for promoting the crystalli-
zation of silicon is used. However, the other known crystal-
lization technology, for example, solid phase crystallization
method or laser crystallization method may be used.

Subsequently, after the oxide film of the surface of the
silicon film having a crystal structure was removed by dilute
hydrofiuoric acid or the like, the irradiation of the first laser
beam (XeCl: wavelength 308 nm) for enhancing the crystal-
lization ratio and repairing the defaults remained within the
crystal grain is performed in the air, or in the oxygen atmo-
sphere. For a laser beam, an excimer laser beam of 400 nm or
less of wavelength, the second higher harmonic wave, the
third higher harmonic wave of YAG laser are used. Anyhow,
using pulse laser beam having about 10-1000 Hz of repeated
frequency, the relevant laser beam is condensed at 100-500
mJ/cm? by an optical system, irradiated with overlap ratio of
90-95% and it may be made it scan the surface of the silicon
film. Here, the irradiation of the first laser beam is performed
atrepeated frequency of 30 Hz, 393 mJ/cm? of energy density
in the air. It should be noted that since it is performed in the air,
or in the oxygen atmosphere, an oxide film is formed on the
surface by the irradiation of the first laser beam.

Subsequently, after the oxide film formed by irradiation of
the first laser beam was removed by dilute hydrofiuoric acid,
the irradiation of the second laser beam is performed in the
nitrogen atmosphere or in the vacuum, thereby flattening the
surface of the semiconductor film. For this laser beam (sec-
ond laser beam), an excimer laser beam having a wavelength
0f'400 nm or less, the second higher harmonic wave, the third
higher harmonic wave of YAG laser are used. The energy
density of the second laser beam is made larger than the
energy density of the first laser beam, preferably, made larger
by 30-60 mJ/cm?®. Here, the irradiation of the second laser
beam is performed at 30 Hz of the repeated frequency and 453
mJ/cm? of energy density, P-V value (Peak to Valley, differ-
ence between the maximum value and minimum value) of the
concave and convex in the surface of the semiconductor film
is to be 50 nm or less. This P-V value is obtained by an AFM
(atomic force microscope).

Moreover, in the present Example, the irradiation of the
second laser beam was performed on the entire surface. How-
ever, since the reduction of the OFF-state current is particu-
larly effective to the TFT of the pixel section, it may be made
a step of selectively irradiating only on at least pixel section.

Subsequently, a barrier layer consisted of an oxide film of
total 1-5 nm in thickness is formed by processing the surface
with ozone water for 120 seconds.

Subsequently, an amorphous silicon film containing argon
element which is to be gettering site is formed in film thick-
ness of 150 nm on the barrier layer by a sputtering method.
The film formation conditions by a sputtering method of the
present Example are made as 0.3 Pa of film formation pres-
sure, 50 (scorn) of gas (Ar) volumetric flow rate, 3 kW of film
formation power, and 150° C. of the substrate temperature. It
should be noted that the atomic percentage of argon element
contained in the amorphous silicon film under the above-
described conditions is in the range from 3x10*%cm® to
6x10°°/cm’, the atomic percentage of oxygen is in the range
from 1x10"°/cm® to 3x10*/cm?. Then, the gettering is pet-
formed by carrying out the heat processing at 650° C. for 3
minutes using a lamp anneal apparatus.

Subsequently, after the barrier layer is made an etching
stopper, the amorphous silicon film containing argon element
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which is the gettering site was selectively removed, the bar-
rier layer is selectively removed with dilute hydrofluoric acid.
It should be noted that since when gettering, nickel tends to
easily move into the higher oxygen density region, it is desir-
able that the barrier layer consisted of an oxide film is
removed after the gettering.

Subsequently, after a thin oxide film is formed with the
ozone water on the surface of the silicon film (also referred to
as “polysilicon film”) having the obtained crystal structure, a
mask consisted of a resist is formed, and the semiconductor
layers 104-108 isolated in an island shape is formed in the
desired shape by etching processing. After the semiconductor
layer was formed, the mask consisted of the resist is removed.

Subsequently, the oxide film was removed by an etchant
containing hydrofluoric acid, and at the same time, the surface
of the silicon film was washed, an insulating film whose
principal component is silicon and which is to be a gate
insulating film 109 is formed. In the present Example, a
silicon oxynitride film (composition ratio Si=32%, O=59%,
N=7% and H=2%) is formed in thickness of 115 nm by
plasma CVD method.

Subsequently, as shown in FIG. 6 A, the first electrically
conductive film 110a having film thickness of 20-100 nm and
the second electrically conductive film 1105 having film
thickness of 100-400 nm are lamination-formed on the gate
insulating film 109. In the present Example, a tantalum nitride
film having film thickness of 50 nm and a tungsten film having
film thickness of 370 nm are in turn laminated on the gate
insulating film 109.

As an electrically conductive material for forming the first
electrically conductive film and the second electrically con-
ductive film, it is formed using an element selected from Ta,
W, Ti, Mo, Al and Cu, or alloy material or compound material
whose principal component is the foregoing element. More-
over, as the first electrically conductive film and the second
electrically conductive film, a semiconductor film repre-
sented by a polycrystal silicon film in which impurity element
such as phosphorus or the like is doped, and Ag, Pd, Cu alloys
may be used. Moreover, it is not limited to a two-layer struc-
ture. For example, it may be made a three-layer structure in
which a tungsten film having film thickness of 50 nm, alumi-
num-silicon (Al-—Si) alloy having film thickness of 500 nm,
and a titanium nitride film having film thickness of 30 nm are
in turn laminated. Moreover, in the case of a three-layer
structure, instead of tungsten of the first electrically conduc-
tive film, tungsten nitride may be used, instead of aluminum-
silicon (Al—Si) alloy of the second electrically conductive
film, aluminum-titanium (Al—Ti) alloy film may be used, or
instead of a titanium nitride film of the third electrically
conductive film, a titanium film may be used. Moreover, it
may be a monolayer structure.

Next, as shown in FIG. 6B, masks 112-117 consisted of
resists are formed by light exposure step, the first etching
processing for forming a gate electrode and wirings is per-
formed. The first etching processing is performed under the
first and second etching conditions. As for an etching, ICP
(Inductively Coupled Plasma) etching method may be used.
The film can be etched in the desired tapered shape by appro-
priately adjusting the etching conditions (electric energy
applied to the coil type electrode, electric energy applied to
the electrode on the substrate side, temperature of electrode
on the substrate side and the like). It should be noted that as
gas for an etching, chlorine based gas which is represented by
Cl,, BCl;, SiCl,, CCl, or the like, fluorine based gas which is
represented by CF,, SF, NF; or the like or O, can be appro-
priately used.



US 9,202,987 B2

23

In the present Example, also to the substrate side (sample
stage), 150 W of RF (13.56 MHz) electric power is turned on,
substantially negative self-bias voltage is applied. It should be
noted that the size of the electrode area on the side of the
substrate is 12.5 cmx12.5 c¢m, and the size of the coil type
electrode area (here, quartz disk on which the coil is provided)
is an area of a disk having a diameter of 25 cm. The end
section of the first electrically conductive layer is made in a
tapered shape by etching W film under the first etching con-
ditions. The etching rate to W under the first etching condi-
tions is 200.39 nm/min, the etching rate to TaN is 80.32
nm/min, and the selection ratio of W to TaN is about 2.5.
Moreover, the tapered angle of W is about 26°. Then, the
second etching conditions were changed without removing
the masks 112-117 consisted of resists, CF, and Cl, were used
for etching gas, the respective ratio of gas volumetric flow rate
was made 30/30 (sccm), 500 W of RF (13.56 MHz) electric
power was turned on to the coil type electrode at 1 Pa of the
pressure, the plasma was generated and the etching was per-
formed for about 30 seconds. 20 W of RF (13.56 MHz)
electric power was also turned on to the side of the electrode
(sample stage), and substantially a negative self bias voltage
was applied. The etching rate to W under the second etching
conditions was 58.97 nm/min, and the etching rate to TaN was
66.43 nm/min. It should be noted that in order to etch without
remaining residue on the gate insulating film, it might
increase the etching time at the ratio of about 10-20%. In the
above-described first etching processing, the end section of
the first electrically conductive layer and the second electri-
cally conductive layer becomes in a tapered shape due to the
effect of the bias voltage to be applied to the substrate side by
making the mask consisted of a resist adjust to be suitable.
The angle of this tapered section may be made in the range
from 15 to 45°.

In this way, electrically conductive layers 119-123 in the
first shape consisted of the first electrically conductive layer
and the second electrically conductive layer (first electrically
conductive layers 119a-124a and the second electrically con-
ductive layers 1195-1245) are formed by the first etching
processing. The insulating film 109 which is to be a gate
insulating film is etched about 10-20 nm, becomes a gate
insulating film 118 whose region not covered with the elec-
trically conductive layers in the first shape 119-123 is made
thinner.

Subsequently, the second etching processing is performed
without removing the mask consisted of the resist. Here,
using SF, Cl, and O, for etching gas, the etching was per-
formed for 25 seconds by making the ratio of gas volumetric
flow rate 24/12/24 (sccm), turning on 700 W of RF (13.56
MHz) electric power to the coil type electrode and generating
the plasma at 1.3 Pa of the pressure. 10 W of RF (13.56 MHz)
electric power was also turned on to the side of the electrode
(sample stage), and substantially a negative self bias voltage
was applied. The etching rate to W under the second etching
conditions was 227.3 nm/min, and the etching rate to TaN was
32.1 nm/min, the selection ratio of W to TaN is 7.1, the
etching rate to SiON which is an insulating film 118 is 33.7
nm/min, and the selection ratio of W to SiON is 6.83. In this
way, in the case where SF is used for etching gas, since the
selection ratio to the insulating film 118 is high, the film
reduction can be suppressed. In the present Example, in the
insulating film 118, only about 8 nm of the film reduction
occurred.

The tapered angle became 70° by the second etching pro-
cessing. The second electrically conductive layers 1265-1315
are formed by the second etching processing. On the other
hand, the first electrically conductive layer is scarcely etched,
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and becomes the first electrically conductive layers 126a-
131a. It should be noted that the sizes of the first electrically
conductive layers 126a-131a are almost the same with the
first electrically conductive layers 119a-124a. Actually,
although there are some cases where the width of the first
electrically conductive layer is backward by about 0.3 um
comparing to that before the second etching, that is, about 0.6
um in whole line width backward, there is scarcely no change
in size.

Moreover, in the case where instead of two-layer structure,
three-structure in which a tungsten film having film thickness
of 50 nm, an aluminum-silicon (Al-—Si) alloy film having
film thickness of 500 nm, and a titanium nitride film are in
turn laminated is employed, as for the first etching conditions
of'the first etching processing, the etching may be performed
for 117 seconds by utilizing BCl;, Cl, and O, as raw material
gases, making the respective ratio of gas volumetric flow rates
65/10/5 (sccm), turning on 300 W of RF (13.56 MHz) electric
power to the substrate side (sample stage), turning on 450 W
of RF (13.56 MHz) electric power to the coil type electrode at
1.2 Pa of the pressure and generating plasma, as for the
second etching conditions of the first etching processing, the
etching may be performed for about 30 seconds by utilizing
CF,, Cl, and O, as raw material gases, making the respective
ratio of gas volumetric flow rates 25/25/10 (sccm), turning on
20 W of RF (13.56 MHz) electric power to the substrate side
(sample stage), turning on 500 W of RF (13.56 MHz) electric
power to the coil type electrode at 1 Pa of the pressure and
generating a plasma, as for the second etching processing, the
etching may be performed by utilizing BCl; and Cl, as raw
material gases, making the respective ratio of gas volumetric
flow rates 20/60 (sccm), turning on 100 W of RF (13.56 MHz)
electric power to the substrate side (sample stage), turning on
600 W of RF (13.56 MHz) electric power to the coil type
electrode at 1.2 Pa of the pressure and generating a plasma.

Subsequently, after the mask consisted of the resist was
removed, the state of FIG. 6D is obtained by performing the
first doping processing. The doping processing may be car-
ried out by anion doping method, orion implantation method.
The conditions of an ion doping method are 1.5x10'* atoms/
cm?, and 60-100 keV of the acceleration voltage, it is per-
formed under these conditions. As an impurity element con-
ferring n-type, typically, phosphorus (P) or arsenic (As) are
used. In this case, the first electrically conductive layers and
the second electrically conductive layers 126-130 are masks
with respect to the impurity element conferring n-type, the
first impurity regions 132-136 are formed in a self-aligned
manner. The impurity elements conferring n-type are added
in the density range from 1x10'® to 1x10'7/cm> to the first
impurity regions 132-136. Here, the region having the same
density range with the first impurity region is also referred to
as n--region.

It should be noted that in the present Example, after the
mask consisted of resist was removed, the first doping pro-
cessing was performed. However, the first doping processing
may be performed without removing the mask consisted of
the resist.

Subsequently, as shown in FIG. 7 A, the masks 137-139
consisted of resists are formed and the second doping pro-
cessing is performed. The mask 137 is a mask for protecting
the channel formation region of the semiconductor layer
forming p-channel type TFT of the drive circuit and its
peripheral region, the mask 138 is a mask for protecting the
channel formation region of the semiconductor layer forming
one of n-channel type TFT of the drive circuit, and the mask
139 is a mask for protecting the channel formation region of
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the semiconductor layer forming TFT of the pixel section and
its peripheral region, and further a region which is to be
retention volume.

The conditions for ion doping in the second doping pro-
cessing are 1.5x10*° atoms/cm? of dosage, and 60-100keV of
the acceleration voltage, and under these conditions, phos-
phorus (P) is doped. Here, by utilizing the second electrically
conductive layers 1265-128b as masks, the impurity region is
formed in a self-aligned manner on the respective semicon-
ductor layers. Needless to say, to the region covered with the
masks 137-139, the impurities are not added. Thus, the sec-
ond impurity regions 140-142 and the third impurity region
144 are formed. The impurity element conferring n-type is
added in the density range from 1x10?° to 1x10*!/cm> on the
second impurity regions 140-142. Here, the region having the
same density range with the second impurity region is also
referred to as n+ region.

Moreover, the third impurity region is formed in a lower
density than that of the second impurity region by the first
electrically conductive layer, the impurity element conferring
n-type is added in the density range from 1x10'® to 1x10"°/
cm®. It should be noted that as for the third impurity region,
since the doping is performed by making it pass the portion of
the first electrically conductive layer and performing the dop-
ing, it has a density gradient in which the impurity density
increases toward the end section of the tapered section. Here,
the region having the same density range with the third impu-
rity region is also referred to as n-region. Moreover, the impu-
rity element is not added to the region covered by the masks
138 and 139 by the second doping processing, therefore,
these become the first impurity regions 145 and 146.

Subsequently, after the masks 137-139 consisted of the
resists were removed, the masks 148-150 consisted of resists
are newly formed, and as shown in FIG. 7 B, the third doping
processing is performed.

In the drive circuit, the fourth impurity regions 151, 152
and the fifth impurity regions 153, 154 in which the impurity
element conferring p-type electrically conductive type to the
semiconductor layer for forming p-channel type TFT and the
semiconductor layer for forming retention volume has been
added are formed by the above-described third doping pro-
cessing.

Moreover, it is made so that the impurity element confer-
ring p-type is added to the fourth impurity regions 151,152 in
the range from 1x10?° to 1x10*!/cm?>. It should be noted that
the fourth impurity regions 151, 152 are the regions (n--
region) to which phosphorus (P) has been added in the prior
step, but its 1.5- to 3-fold density of impurity element con-
ferring p-type is added, and the electrically conductive type is
p-type. Here, the region having the same density region with
the fourth impurity region is also referred to as p+ region.

Moreover, the fifth impurity regions 153, 154 are formed
on the region overlapped with the tapered section of the
second electrically conductive layer 1274, it is made so that
the impurity element conferring p-type is added in the density
range from 1x10'®to 1x10*°/cm®. Here, the region having the
same density range with the fifth impurity region is also
referred to as p-region.

Up to the above-described steps, the impurity regions hav-
ing n-type or p-type electrically conductive type are formed
on the respective semiconductor layers. The electrically con-
ductive layers 126-129 become gate electrodes of TFT. More-
over, the electrically conductive layer 130 becomes one of the
electrodes for forming the retention volume in the pixel sec-
tion. Furthermore, the electrically conductive layer 131 forms
source wirings in the pixel section.
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Subsequently, an insulating film (not shown) for covering
the nearly whole surface is formed. In the present Example, a
silicon oxide film having film thickness of 50 nm has been
formed by plasma CVD method. Needless to say, this insu-
lating film is not limited to the silicon oxide film, another
insulating film containing silicon may be used as a monolayer
or a lamination structure.

Subsequently, the step for processing the activation of the
impurity elements added to the respective semiconductor lay-
ers is carried out. This activation step is performed by rapid
thermal annealing method (RTA method) using a lamp light
source, or a method of irradiating YAG laser or excimer laser
from the back side, or heat processing using a furnace, or a
method combined with any method of these methods.

Moreover, in the present Example, although an example in
which an insulating film was formed before the above-de-
scribed activation has been shown, the step may be made a
step in which after the above-described activation was per-
formed, the insulating film is formed. Subsequently, the first
interlayer insulating film 155 consisted of a silicon nitride
film is formed, the heat processing (heat processing at 300-
550° C. for 1-12 hours) is performed, and the step in which a
semiconductor layer is hydrogenated (FIG. 7 C). This step is
a step in which the dangling bond of the semiconductor layer
is terminated by hydrogen contained in first interlayer insu-
lating film 155. The semiconductor layer can be hydroge-
nated regardless of the existence of the insulating film (not
shown) consisted of a silicon oxide film. However, since in
the present Example, the materials whose principal compo-
nent is aluminum are used for the second electrically conduc-
tive layer, it is important that the heat processing conditions
are made so that the second electrically conductive layer is
endurable in the step of hydrogenation. As the other means for
hydrogenation, plasma hydrogenation (hydrogen excited by
plasma is used) may be performed.

Subsequently, the second interlayer insulating film 156
consisted of organic insulating material is formed on the first
interlayer insulating film 155. In the present Example, an
acryl resin film having film thickness of 1.61 pm is formed.
Subsequently, a contact hole reaching the source wiring 131,
a contact hole reaching the electrically conductive layers 129,
130 and a contact hole reaching the respective impurity
regions are formed. In the present Example, several etching
processes are in turn performed. In the present Example, after
the second interlayer insulating film was etched by utilizing
the first interlayer insulating film as an etching stopper, the
insulating film (not shown) was etched following the first
interlayer insulating film was etched by utilizing the insulat-
ing film (not shown). Then, the wirings and pixel electrodes
are formed using Al, Ti, Mo, W and the like. It is preferable
that as for these materials for electrode and pixel electrode, a
film whose principal component is Al or Ag, or a material
excellent in reflecting properties such as a lamination of these
or the like is used. Thus, source electrodes or drain electrodes
157-162, a gate wiring 164, a connecting wiring 163, and a
pixel electrode 165 are formed.

As described above, a drive circuit 206 having a n-channel
type TFT 201, a p-type channel type TFT 202 and a n-type
channel type TFT 203, and a pixel section 207 having a pixel
TFT 204 consisted of a n-channel type TFT and a retention
volume 205 can be formed on the same substrate (FIG. 8). In
the present specification, such a substrate is referred to as
active matrix substrate for the sake of convenience.

On the pixel section 207, the pixel TFT 204 (n-channel type
TFT) has a channel formation region 169, the first impurity
region (n—-region) 147 formed outside of the electrically
conductive layer 129 forming a gate electrode, and the second
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impurity regions (n+ region) 142, 171 functioning as a source
region or drain region. Moreover, the fourth impurity region
152, the fitth impurity region 154 are formed on the semicon-
ductor layer functioning as one of the electrode of the reten-
tion volume 205. The retention volume 205 is formed with the
second electrode 130 and the semiconductor layers 152, 154
and 170 by utilizing the insulating film (same film with gate
insulating film) as a dielectric.

Moreover, in the drive circuit 206, the n-channel type TFT
201 (first n-channel type TFT) has a channel formation region
166, the third impurity region (n-region) 144 overlapped with
one portion of the electrically conductive layer 126 which
forms a gate electrode via an insulating film, and the second
impurity region (n+ region) 140 functioning as a source
region or drain region.

Moreover, in the drive circuit 206, the p-channel type TFT
202 has a channel formation region 167, the fifth impurity
region (p-region) 153 overlapped with one portion of the
electrically conductive layer 127 which forms a gate elec-
trode via an insulating film, and the fourth impurity region (p+
region) 151 functioning as a source region or drain region.

Moreover, in the drive circuit 206, the n-channel type TFT
203 (second n-channel type TFT) has a channel formation
region 168, the first impurity region (n--region) 146 outside
of the electrically conductive layer 128 which forms a gate
electrode, and the second impurity region (n+ region) 141
functioning as a source region or drain region.

A shift register circuit, a buffer circuit, a level shifter cir-
cuit, a latch circuit and the like are formed by appropriately
combining these TFT's 201-203, and the drive circuit 206 may
be formed. For example, a CMOS circuit may be formed by
complementarily connecting the n-channel type TFT 201 and
a p-channel type TFT 202. Particularly, for a buffer circuit
whose drive voltage is high, for the purpose of preventing the
deterioration due to the hot carrier effect, the structure of a
n-channel type TFT 203 is suitable.

Moreover, for a circuit that the reliability is considered as
the top priority, the structure of a n-channel type TFT 201
which is a GOLD structure is suitable.

Moreover, since the reliability can be enhanced by enhanc-
ing the flattening of the surface of a semiconductor film, in a
TFT having a GOLD structure, a sufficient reliability can be
obtained also by diminishing the area of the impurity region
overlapping with a gate electrode via a gate insulating film.
Concretely, in a TFT having a GOLD structure, a sufficient
reliability can be obtained by diminishing the size of the
portion which is a tapered section of a gate electrode. More-
over, in a TFT having a GOLD structure, when the gate
insulating film is thinner, the parasitic capacitance increases.
However, the size of the portion which is a tapered section of
the gate electrode (first electrically conductive layer) is made
smaller, and the parasitic capacitance is reduced, f character-
istic (frequency characteristic) is also enhanced and further a
high operation is possible and the TFT obtained a sufficient
reliability.

It should be noted that also in the pixel TFT of the pixel
section 207, the reduction of OFF-state current and the reduc-
tion of the variation are realized by irradiation of the second
laser beam.

Moreover, in the present Example, an example in which an
active matrix substrate for forming a reflective type display
device is prepared is shown, but when the pixel electrode is
formed by a transparent electrically conductive film, although
the number of photo-masks increases by one sheet, a trans-
parent type display device can be formed.
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Moreover, in the present Example, a glass substrate was
used, but it is not particularly limited. A quartz substrate, a
semiconductor substrate, a ceramic substrate, and a metal
substrate can be used.

Moreover, after the state of FIG. 8 was obtained, if the layer
(peeled off layer) containing a TFT provided on the oxide
layer 102 has a sufficient mechanical strength, the substrate
100 may be pulled away. In the present Example, since the
mechanical strength of the peeled-off layer is not sufficient, it
is preferred that after the supporting body (not shown) for
fixing the peeled-off layer was pasted, it is peeled off.

Example 2

In the present Example, the step in which an active matrix
type liquid crystal display device is prepared by peeling off
the substrate 100 from the active matrix substrate prepared in
Example 1 and pasting it with a plastic substrate will be
described below. FIG. 9 is used for the purpose of describing
it.

In FIG. 9 A, the reference numeral 400 denotes a substrate,
the reference numeral 401 denotes a nitride layer or metal
layer, the reference numeral 402 denotes an oxide layer, the
reference numeral 403 denotes a primary coat insulating
layer, the reference numeral 404a denotes an element of a
drive circuit 413, the reference numeral 4045 denotes an
element 4045 of the pixel section 414 and the reference
numeral 405 denotes a pixel electrode. Here, the term “ele-
ment” is referred to a semiconductor element (typically, TFT)
or MIM element or the like used for a switching element of
pixels in an active matrix type liquid crystal display device.
An active matrix substrate shown in FIG. 9 A is shown as
simplifying the active matrix substrate shown in FIG. 8, the
substrate 100 in FIG. 8 corresponds to the substrate 400 in
FIG. 9 A. Similarly, the reference numeral 401 in FIG. 9 A
corresponds to the reference numeral 101 in FIG. 8, the ref-
erence numeral 402 in FIG. 9 A corresponds to the reference
numeral 102 in FIG. 8, the reference numeral 403 in F1IG.9 A
corresponds to the reference numeral 103 in FIG. 8, the ref-
erence numeral 404a in FIG. 9 A corresponds to the reference
numerals 201 and 202 in FIG. 8, the reference numeral 4045
in FIG. 9 A corresponds to the reference numeral 204 in FIG.
8, and the reference numeral 405 in FIG. 9 A corresponds to
the reference numeral 165 in FIG. 8, respectively.

First, according to Example 1, after the active matrix sub-
strate of the state in FIG. 8 was obtained, an orientation film
4064 is formed on the active matrix substrate of FIG. 8, and a
rubbing processing is performed. It should be noted that in the
present Example, before the orientation film is formed, a
spacer in a column shape (not shown) for retaining a substrate
interval was formed at the desired position by patterning an
organic resin film such as an acryl resin or the like. Moreover,
instead of a spacer in a column shape, a spacer in a sphere
shape may be scattered over the whole surface of the sub-
strate.

Subsequently, an opposing substrate which is to be a sup-
porting body 407 is prepared for. A color filter (not shown) in
which a colored layer and a radiation shield layer were
arranged corresponding to the respective pixels has been pro-
vided on this opposing substrate. Moreover, a radiation shield
was provided on the portion of the drive circuit. A flattening
film (not shown) for covering this color filter and the radiation
shield layer was provided. Subsequently, an opposing elec-
trode 408 consisted of a transparent electrically conductive
film was formed on the flattening film in the pixel section, an
orientation film 4065 was formed on the whole surface of the
opposing substrate, and the rubbing processing was provided.
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Then, an active matrix substrate 400 in which the pixel
section and the drive circuit were formed and the supporting
body 407 are pasted together with a sealing medium which is
to be an adhesive layer 409. Into a sealing medium, filler is
mixed, two sheets of substrates are pasted together with uni-
form interval by this filler and a spacer in a column shape.
Then, between both substrates, a liquid crystal material 410 is
implanted and completely sealed with a sealing compound
(not shown) (FIG. 9 B). As a liquid crystal material 410, the
known liquid crystal material may be used.

Subsequently, the substrate 400 on which the nitride layer
or metal layer 401 has been provided is pulled away by the
physical means (FIG. 9 C). Since the film stress of the oxide
layer 402 and the film stress of the nitride layer or metal layer
401 are different, these can be pulled away by comparatively
small force.

Subsequently, it is pasted with an adhesive layer 411 con-
sisted of an epoxy resin or the like on a transferring body 412.
In the present Example, it can be made light by using plastic
film substrate for the transferring body 412.

In this way, a flexible active matrix type liquid crystal
display device is completed. Then, if necessary, the flexible
substrate 412 or an opposing substrate is cut down in the
desired shape. Furthermore, a polarizing plate (not shown) or
the like was appropriately provided using the known technol-
ogy. Then, a FPC (not shown) was pasted using the known
technology.

Example 3

In the Example 2, an example in which after an opposing
substrate as a supporting body was pasted and a liquid crystal
was implanted, the substrate was peeled off and a plastic
substrate was pasted as a transferring body was shown. How-
ever, in the present Example, an example in which after an
active matrix substrate shown in FIG. 8 was formed, the
substrate was peeled off, and the plastic substrate as the first
transferring body and the plastic substrate as the second trans-
ferring body was pasted together will be described. FIG. 10
will be used for the purpose of describing it.

In FIG. 10 A, the reference numeral 500 denotes a sub-
strate, the reference numeral 501 denotes a nitride layer or
metal layer, the reference numeral 502 denotes an oxide layer,
the reference numeral 503 denotes a primary coat insulating
layer, the reference numeral 504a denotes an element of a
drive circuit 514, the reference numeral 5045 denotes an
element {5045?} of the pixel section 515 and the reference
numeral 505 denotes a pixel electrode. An active matrix sub-
strate shown in FIG. 10 A is shown as one simplifying the
active matrix substrate shown in FIG. 8, the substrate 100 in
FIG. 8 corresponds to the substrate 500 in FIG. 10 A. Simi-
larly, the reference numeral 501 in FIG. 10 A corresponds to
the reference numeral 101 in FIG. 8, the reference numeral
502 in FIG. 10 A corresponds to the reference numeral 102 in
FIG. 8, the reference numeral 503 in FIG. 10 A corresponds to
the reference numeral 103 in FIG. 8, the reference numeral
504a in FIG. 10 A corresponds to the reference numerals 201
and 202 in FIG. 8, the reference numeral 5045 in FIG. 10 A
corresponds to the reference numeral 204 in FIG. 8, and the
reference numeral 505 in FIG. 10 A corresponds to the refer-
ence numeral 165 in FIG. 8, respectively.

First, according to Example 1, after an active matrix sub-
strate in the state of FIG. 8 was obtained, the substrate 500 on
which the nitride layer or metal layer 501 has been provided
is pulled away by the physical means (FIG. 10 B). Since the
film stress of the oxide layer 502 and the film stress of the

10

15

20

25

30

35

40

45

50

55

60

65

30

nitride layer or metal layer 501 are different, these can be
pulled away by a comparatively small force.

Subsequently, it is pasted with an adhesive layer 506 con-
sisted of an epoxy resin or the like on a transferring body 507
(first transferring body). In the present Example, it can be
made light by using plastic film substrate for the transferring
body 507 (FIG. 10C).

Subsequently, an orientation film 508a is formed and a
rubbing processing is performed. It should be noted that in the
present Example, before the orientation film is formed, a
spacer in a column shape (not shown) for retaining a substrate
interval was formed at the desired position by patterning an
organic resin film such as an acryl resin or the like. Moreover,
instead of a spacer in a column shape, a spacer in a sphere
shape may be scattered over the whole surface of the sub-
strate.

Subsequently, an opposing substrate which is to be a sup-
porting body 510 (second transferring body) is prepared for.
A color filter (not shown) in which a colored layer and a
radiation shield layer were arranged corresponding to the
respective pixels has been provided on this opposing sub-
strate. Moreover, a radiation shield was provided on the por-
tion of the drive circuit. A flattening film (not shown) for
covering this color filter and the radiation shield layer was
provided. Subsequently, an opposing electrode 509 consisted
of a transparent electrically conductive film was formed on
the flattening film in the pixel section, an orientation film 508
b was formed on the whole surface of the opposing substrate,
and the rubbing processing was provided.

Then, a plastic film substrate 507 in which the pixel section
and the drive circuit were adhered and the supporting body
510 are pasted together with a sealing medium which is to be
an adhesive layer 512 (FIG. 10 D). Filler is mixed into sealing
medium, and two sheets of substrates are pasted together with
uniform interval by this filler and a spacer in a column shape.
Then, between both substrates, a liquid crystal material 513 is
implanted and completely sealed with a sealing compound
(not shown) (FIG. 10 D). As a liquid crystal material 513, the
known liquid crystal material may be used.

In this way, a flexible active matrix type liquid crystal
display device is completed. Then, if necessary, the flexible
substrate 507 or an opposing substrate is cut in the desired
shape. Furthermore, a polarizing plate (not shown) or the like
was appropriately provided using the known technology.
Then, a FPC (not shown) was pasted using the known tech-
nology.

Example 4

The structure of the liquid crystal module obtained by
Example 2 or Example 3 is described with reference to the top
view in FIG. 11. A substrate 412 in Example or a substrate 507
in Example 3 corresponds to a substrate 301.

A pixel portion 304 is placed in the center of a substrate
301. A source signal line driving circuit 302 for driving source
signal lines is positioned above the pixel portion 304. Gate
signal line driving circuits 303 for driving gate signal lines are
placed to the left and right of the pixel portion 304. Although
the gate signal line driving circuits 303 are symmetrical with
respect to the pixel portion in this Example, the liquid crystal
module may have only one gate signal line driving circuit on
one side of the pixel portion. Of the above two options, a
designer can choose the arrangement that suits better consid-
ering the substrate size or the like of the liquid crystal module.
However, the symmetrical arrangement of the gate signal line
driving circuits shown in FIG. 11 is preferred in terms of
circuit operation reliability, driving efficiency, and the like.



US 9,202,987 B2

31

Signals are inputted to the driving circuits from flexible
printed circuits (FPC) 305. The FPCs 305 are press-fit
through an anisotropic conductive film or the like after open-
ing contact holes in the interlayer insulating film and resin
film and forming a connection electrode 309 so as to reach the
wiring lines arranged in given places of the substrate 301. The
connection electrode is formed from ITO in this Example.

A sealing agent 307 is applied to the substrate along its
perimeter surrounding the driving circuits and the pixel por-
tion. An opposite substrate 306 is bonded to the substrate 301
by the sealing agent 307 while a spacer formed in advance on
the film substrate keeps the distance between the two sub-
strates constant. A liquid crystal element is injected through
an area of the substrate that is not coated with the sealing
agent 307. The substrates are then sealed by an encapsulant
308. The liquid crystal module is completed through the
above steps.

Although all of the driving circuits are formed on the film
substrate in the example shown here, several ICs may be used
for some of the driving circuits.

This Example may be combined with Example 1.

Example 5

Example 1 shows an example of reflective display device in
which a pixel electrode is formed from a reflective metal
material. Shown in this Example is an example of transmis-
sive display device in which a pixel electrode is formed from
alight-transmitting conductive film.

The manufacture process up through the step of forming an
interlayer insulating film is identical with the process of
Example 1, and the description thereof is omitted here. After
the interlayer insulating film is formed in accordance with
Example 1, a pixel electrode 601 is formed from a light-
transmitting conductive film. Examples of the light-transmit-
ting conductive film include an ITO (indium tin oxide alloy)
film, an indium oxide-zinc oxide alloy (In,O;—Z7n0O) film, a
zinc oxide (ZnO) film, and the like.

Thereafter, contact holes are formed in an interlayer insu-
lating film 600. A connection electrode 602 overlapping the
pixel electrode is formed next. The connection electrode 602
is connected to a drain region through the contact hole. At the
same time the connection electrode is formed, source elec-
trodes or drain electrodes of other TFTs are formed.

Although all of the driving circuits are formed on the
substrate in the example shown here, several ICs may be used
for some of the driving circuits.

An active matrix substrate is completed as above. After
peeling the substrate by using this active matrix substrate to
bond plastic substrates, a liquid crystal module is manufac-
tured in accordance with Examples 2 to 4. The liquid crystal
module is provided with a backlight 604 and a light guiding
plate 605, and is covered with a cover 606 to complete the
active matrix liquid crystal display device of which a partial
sectional view is shown in FIG. 12. The cover is bonded to the
liquid crystal module using an adhesive or an organic resin.
When bonding the plastic substrate to the opposite substrate,
the substrates may be framed so that the space between the
frame and the substrates is filled with an organic resin for
bonding. Since the display device is of transmissive type, the
plastic substrate and the opposite substrate each needs a
polarizing plate 603 to be bonded.

This Example may be combined with Examples 1 to 4.

Example 6
In the present Example, an example in which a light emit-

ting device having an organic light emitting device (OLED)
formed on a plastic substrate is prepared is shown in FIG. 13.
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In FIG. 13 A, the reference numeral 600 denotes a sub-
strate, the reference numeral 601 denotes a nitride layer or
metal layer, the reference numeral 602 denotes an oxide layer,
the reference numeral 603 denotes a primary coat insulating
layer, the reference numeral 604a denotes an element of a
drive circuit 611, the reference numeral 6045 and 604¢ denote
an element {50452} of the pixel section 612 and the reference
numeral 605 denotes an OLED (Organic Light Emitting
Device). Here, the term “element” is referred to a semicon-
ductor element (typically, TFT) or MIM element or the like
used for a switching element of pixels if it is an active matrix
type liquid crystal display device. Then, an interlayer insu-
lating film 606 which covers these elements is formed. It is
preferred that the interlayer insulating film 606 is flatter than
the surface after the film formation. It should be noted that the
interlayer insulating film 606 is not necessarily provided.

It should be noted that the reference numerals 601-603
provided on the substrate 600 may be formed according to
Embodiment 2 through 4.

These elements (including 604a, 6045 and 604¢) may be
prepared according to the n-channel type TFT 201 of the
above-described Example 1 and/or the p-channel type TFT
202 of the above-described Example 1.

An OLED 605 has a layer containing an organic compound
(organic light emitting material) obtaining electrolumines-
cence generating by adding electric field (hereinafter,
referred to as organic light emitting layer), an anode layer and
a cathode layer. Although as for electroluminescence in
organic compounds, there are a luminescence (fluorescence)
generated when returning from singlet excitation state to
ground state and a luminescence (phosphorescence) gener-
ated when returning from triplet state to ground state, a light
emitting device of the present invention may use either of the
above-described luminescences or both the above-described
luminescences. It should be noted that in the present specifi-
cation, all of the layers formed between the anode and cath-
ode of OLED are defined as an organic light emitting layer.
Concretely, organic light emitting layers include a light emit-
ting layer, a hole injection layer, an electronic injection layer,
a hole transport layer, an electron transport layer or the like.
Fundamentally, OLED has a structure in which anode/light
emitting layer/cathode are in turn laminated, in addition to
this structure, there may be also some structures having
anode/hole injection layer/light emitting layer/cathode or
anode/hole injection layer/light emitting layer/electron trans-
port layer/cathode or the like are in turn laminated.

According to the above-described method, the state of FIG.
13 A was obtained, the supporting body 608 is pasted using
the adhesive layer 607 (FIG. 13B). In the present Embodi-
ment, aplastic substrate is used as the supporting body 608.
Concretely, as a supporting body, a resin substrate having
thickness of 10 pm or more, for example, poly(ether sulfone)
(PES), polycarbonate (PC), polyethylene terephthalate
(PET), or polyethylene naphthalate (PEN) can be used. It
should be noted that it is required when the supporting body
608 and the adhesive layer 607 are located at the observer’s
side (on the side of the user of the light emitting device) seen
from the OLED, the supporting body 608 and the adhesive
layer 607 are materials which transmits the light.

Subsequently, the substrate 600 on which the nitride layer
or metal layer 601 has been provided is pulled away by the
physical means (FIG. 13 C). Since the film stress of the oxide
layer 602 and the film stress of the nitride layer or metal layer
601 are different, these can be pulled away by a comparatively
small force.

Subsequently, it is pasted with an adhesive layer 609 con-
sisted of an epoxy resin or the like on a transferring body 610
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(FIG. 13 D). In the present Example, it can be made light by
using plastic film substrate for the transferring body 610.

In this way, a flexible light emitting device sandwiched
between the supporting body 608 having the flexibility and
the transferring body 610 having the flexibility can be
obtained. It should be noted that if the supporting body 608
and the transferring body 610 are made of the same material,
the coefficients of thermal expansion become equal, there-
fore, the influence from the stress distortion due to the change
of temperature can be made not easily exerted.

Then, if necessary, the supporting body 608 having the
flexibility and the transferring body 610 are cut in the desired
shape. Then, a FPC (not shown) was pasted using the known
technology.

Example 7

In Example 6, an example in which after the supporting
body was pasted, the substrate was peeled off and a plastic
substrate as a transferring body was pasted has been shown.
However, in the present Example, an example in which after
the substrate was peeled off, a plastic substrate as the first
transferring body and a plastic substrate as the second trans-
ferring body are pasted and a light emitting device equipped
with an OLED is prepared will be shown. FIG. 14 will be
made reference for the purpose of describing it.

In FIG. 14A, the reference numeral 700 denotes a sub-
strate, the reference numeral 701 denotes a nitride layer or
metal layer, the reference numeral 702 denotes an oxide layer,
the reference numeral 703 denotes a primary coat insulating
layer, the reference numeral 704a denotes an element of a
drive circuit 711, the reference numerals 7045, 704¢ denote
an element of the pixel section 712 and the reference numeral
705 denotes an OLED (Organic Light Emitting Device).
Here, the term “element” is referred to a semiconductor ele-
ment (typically, TFT) or MIM element or the like used for a
switching element of pixels if it is an active matrix type liquid
crystal display device. Then, an interlayer insulating film 706
which covers these elements is formed. It is preferred that the
interlayer insulating film 706 is flatter than the surface after
the film formation. It should be noted that the interlayer
insulating film 706 is not necessarily provided.

It should be noted that the reference numerals 701-703
provided on the substrate 700 might be formed according to
any of Embodiment 2 through 4.

These elements (including 704a, 7045 and 704¢) may be
prepared according to the n-channel type TFT 201 of the
above-described Example 1, the p-channel type TFT 202 of
the above-described Example 1.

According to the above-described method, the state of FIG.
14 A was obtained, the substrate 700 on which the nitride
layer or metal layer 701 has been provided is pulled away by
the physical means (FIG. 14 B). Since the film stress of the
oxide layer 702 and the film stress of the nitride layer or metal
layer 701 are different, these can be pulled away by compara-
tively small force. Subsequently, it is pasted with an adhesive
layer 709 consisted of an epoxy resin or the like on a trans-
ferring body (first transferring body) 710. In the present
Example, it can be made light by using plastic film substrate
for the transferring body 710.

Subsequently, the base member (second transferring body)
708 is pasted together by the adhesive layer 707 (FI1G. 14 C).
In the present Embodiment, a plastic substrate is used as the
supporting body 708. Concretely, as the transferring body
710 and the base member 708, a resin substrate having thick-
ness of 10 um or more, for example, poly(ether sulfone)
(PES), polycarbonate (PC), polyethylene terephthalate
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(PET), or polyethylene naphthalate (PEN) can be used. It
should be noted that it is required in the case where the base
member 708 and the adhesive layer 707 are located at the
observer’s side (on the side of the user of the light emitting
device) seen from the OLED, the base member 708 and the
adhesive layer 707 are materials which transmit the light.

In this way, a flexible light emitting device sandwiched
between the base member 708 having the flexibility and the
transferring body 710 having the flexibility can be obtained. It
should be noted that if the base member 708 and the transfer-
ring body 710 are made of the same material, the coefficients
of thermal expansion become equal, therefore, the influence
from the stress distortion due to the change of temperature can
be made not easily exerted.

Then, if necessary, the base member 708 having the flex-
ibility and the transferring body 710 are cut in the desired
shape. Then, a FPC (not shown) was pasted using the known
technology.

Example 8

In Example 6 or Example 7, an example in which a flexible
light emitting device sandwiched between substrates having
the flexibility is obtained has been shown. However, since a
substrate consisted of a plastic in general easily transmits
water content and oxygen, and the deterioration of an organic
light emitting layer is promoted by these, the life-span of the
light emitting device easily tends to be shorter.

Hence, in the present Example, on a plastic substrate, a
plurality of films for preventing oxygen and water content
from penetrating into the organic light emitting layer of
OLED (hereinafter, referred to as barrier film) and a layer
(stress relaxation film) having a smaller stress than the fore-
going barrier film between the foregoing barrier films each
other are provided. In the present specification, a film in
which a barrier film and a stress relaxation film are laminated
is referred to as “sealing film”.

Concretely, two or more layers of barrier films consisted of
inorganic matters (hereinafter, referred to as barrier film) are
provided, and further, a stress relaxation film having a resin
between the relevant two-layer barrier films (hereinafter,
referred to as stress relaxation film) is provided. Then, a light
emitting device is formed by forming an OLED on the rel-
evant three or more-layer insulating film and tightly sealing.
It should be noted that since Example 6 and Example 7 are the
same except for the substrate, here, the description on them is
omitted.

As shown in FIG. 15, two or more layers of barrier films are
provided on the film substrate 810, and further, a stress relax-
ation film is provided between the relevant two-layer barrier
films. As a result, between the film substrate 810 and the
second adhesive layer 809, a sealing film in which the relevant
barrier film and the stress relaxation film are laminated is
formed.

Here, alayer consisted of a silicon nitride is film-formed as
a barrier film 8114 on the film substrate 810 by a sputtering
method, a stress relaxation film 8116 having polyimide is
film-formed on the barrier film 811a, a layer consisted of a
silicon nitride is film-formed as the barrier film 811¢ on the
stress relaxation film 8115 by a sputtering method. A layer in
which the barrier film 811a, the stress relaxation film 8115,
and the barrier film 811¢ are laminated is generally referred to
as the sealing film 811. Then the film substrate 810 on which
the relevant sealing film 811 is formed may be pasted together
using the second adhesive layer 809 on the peeled layer con-
taining an element.
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Similarly, a layer consisted of a silicon nitride is formed as
a barrier film 8144 on the film substrate 812 by a sputtering
method, and a stress relaxation film 8145 having polyimide is
formed on the barrier film 814a. A layer consisted of a silicon
nitride is formed as the barrier film 814c¢ on the stress relax-
ation film 81454 by a sputtering method. A layer in which the
barrier film 814a, the stress relaxation film 8145, and the
barrier film 814c¢ are laminated is generally referred to as the
sealing film 814. Then the film substrate 812 on which the
relevant sealing film 814 is formed may be pasted together
using the second adhesive layer 809 on the peeled layer con-
taining an element.

It should be noted that as for a barrier film, if two layers or
more are provided, it might be available. Then, as a barrier
film, a silicon nitride, a silicon oxynitride, an aluminum
oxide, an aluminum nitride, an aluminum oxynitride or an
aluminum silicide oxynitride (AlISiON) can be used.

Since an aluminum silicide oxynitride is comparatively
high in thermal conductivity, the heat generated in an element
can be efficiently discharged by utilizing it as a barrier film.

Moreover, for a stress relaxation film, a resin having a
transparency can be used. Representatively, polyimide, acryl,
polyamide, polyimideamide, benzocyclobutene, epoxy resin
or the like is capable of being used. It should be noted that
resins except for resins described above could be also used.
Here, after polyimide which is a type thermally polymerized
was coated, it is burned and formed.

The film formation of a silicon nitride is performed at 0.4
Pa of sputtering pressure by introducing argon, maintaining
the substrate temperature as 150° C. Then, using a silicon as
a target, the film formation was performed by introducing
nitrogen and hydrogen except for argon. In the case of a
silicon oxynitride, the film formation is performed at about
0.4 Pa of sputtering pressure by introducing argon and main-
taining the substrate temperature as 150° C. Then, using a
silicon as a target, the film formation was performed by intro-
ducing nitrogen, nitrogen dioxide and hydrogen except for
argon. It should be noted that as a target, a silicon oxide might
be used.

Itis desirable that the film thickness of the barrier film is in
the range from 50 nm to 3 pm. Here, a silicon nitride was
formed in film thickness of 1 um.

It should be noted that the film formation method of a
barrier film is not limited only to sputtering method, the
person who carries out it can appropriately set its method. For
example, the film formation may be performed using a
LPCVD method, a plasma CVD method or the like. More-
over, it is desirable that the film thickness of the stress relax-
ation film is in the range from 200 nm to 2 pm. Here, poly-
imide was formed in film thickness of 1 um.

An OLED can be completely interrupted from the air by
applying a plastic substrate on which a sealing film of the
present Example is provided as the supporting body 608 or
the transferring body 610 in Example 6 or the base member
708 or the transferring body 710 in Example 7, thereby
capable of nearly completely suppressing the deterioration of
an organic light emitting material due to oxidation, and
capable of largely enhancing the reliability of an OLED.

Example 9

The constitution of a module having an OLED obtained
according to Example 6 or Example 7, what is called the
constitution of an EL. module will be described below with
reference to a top view of FIG. 16. The transferring body 610
in Example 7 or the transferring body 710 in Example 8
corresponds to the film substrate 900.
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FIG. 16 A is atop view showing a module having an OLED,
what is called an EL module, and FIG. 16 B is a sectional view
taken on line A-A' of FIG. 16 A. A pixel section 902, the
source side drive circuit 901 and the gate side drive circuit 903
are formed on a film substrate 900 (for example, plastic sub-
strate or the like) having the flexibility. These pixel section
and drive circuit can be obtained according to the above-
described Example. Moreover, the reference numeral 918
denotes a sealing member, the reference numeral 919 denotes
a DLC film, the pixel section and the drive circuit section are
covered by the sealing member 918, and its sealing member is
covered with the protective film 919. Furthermore, it is sealed
with a cover member 920 using an adhesive member. The
shape of the covering member 920 and the shape of the
supporting body are not particularly limited, one having a
plane, one having a curved surface, and one having a property
capable of being curved, or one in a film shape may be used.
It is desirable that the covering member 920 for enduring the
distortion due to the heat and external force is the same
material with the film substrate 900, for example, a plastic
substrate is used, the substrate processed in a concave section
shape (depth, 3-10 um) as shown in FIG. 16 is used. It is
desirable that it is further processed, and a concave section
(depth, 50-200 pm) on which desiccant 921 can be set is
formed. Moreover, in the case where an EL module is fabri-
cated in multiple pattern, after the substrate and the covering
member were pasted together, it may be cut so that the end
faces are matched with each other using Co, laser or the like.

Moreover, here not shown in Figs., in order to prevent the
background from being reflected due to the reflection of the
applied metal layer (here, cathode or the like), a circular
polarizing means referred to as a circular polarizing plate
consisted of a phase difference plate (A/4 plate) and polariz-
ing plate may be provided on the substrate 900.

It should be noted that the reference numeral 908 denotes a
wiring for transmitting a signal inputted into the source side
drive circuit 901 and the gate side drive circuit 903, it receives
a video signal and a clock signal from FPC (Flexible Print
Circuit) which is an external input terminal. Moreover, a light
emitting device of the present Example may be of a digital
drive, or an analog drive, or a video signal may be a digital
signal, or an analog signal. It should be noted that here, only
FPC is shown in Figs., but a print wiring base (PWB) may be
mounted on this FPC. It is defined that a light emitting device
in the present specification includes not only the main body of
the light emitting device but also the state where FPC or PWB
is mounted on the main body. Moreover, although a complex
integrated circuit (memory, CPU, controller, D/A converter
or the like) are capable of being formed on the same substrate
with these pixel section and drive circuit, the fabrication with
a small number of masks is difficult. Therefore, it is preferred
that an IC chip equipped with a memory, a CPU, a controller,
a D/A converter or the like is mounted by COG (Chip On
Glass) method, or TAB (Tape Automated Bonding) method or
a wire bonding method.

Next, the sectional structure will be described below with
reference to FIG. 16 B. An insulating film 910 is provided on
the film substrate 900, the pixel section 902 and the gate side
drive circuit 903 have been formed above the insulating film
910, and the pixel section 902 is formed by a plurality of
pixels containing the pixel electrode 912 electrically con-
nected to the TFT 911 for controlling the current and its drain.
It should be noted that after the peeled off layer formed on the
substrate was peeled off according to any one of Embodiment
1 through 4, the film substrate 900 is pasted.
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Moreover, the gate side drive circuit 903 is formed using a
CMOS circuit that a n-channel type TFT 913 and a p-channel
type TFT 914 are combined.

These TFTs (including 911, 913 and 914) may be fabri-
cated according to the n-channel type TFT 201 of the above-
described Example 1, the p-channel type TFT 202 of the
above-described Example 1.

It should be noted that as an insulating film provided
betweenthe TFT and OLED, it is preferable that a material for
not only blocking the diffusion of the impurity ion such as
alkali metal ion, alkaline earth metal ion or the like, but also
aggressively absorbing the impurity ion such as alkali metal
ion, alkaline earth metal ion or the like, and further, a material
endurable for the temperature of later processes is suitable. As
a material suitable for these conditions, as one example, a
silicon nitride film containing a large amount of fluorine is
listed. The fluorine density containing in the film of the sili-
con nitride film is 1x10'*/cm® or more, preferably, the com-
position ratio of fluorine is made in the range from 1 to 5%.
The fluorine in the silicon nitride film is bonded to alkali
metal ion, alkaline earth ion or the like, and absorbed in the
film. Moreover, as the other example, an organic resin film
containing a fine particle consisted of antimony (Sb) com-
pound, tin (Sn) compound or indium (In) compound, for
example, an organic resin film containing antimony pentaox-
ide fine particle (Sb,05.0nH,0) is also listed. It should be
noted that this organic resin film contains a fine particle
having 10-20 nm in average particle diameter, and light trans-
mittance is also very high. An antimony compound repre-
sented by this antimony pentaoxide fine particle easily
absorbs impurity ion such as alkali metal ion or alkaline earth
metal ion.

Moreover, as the other material of an insulating film pro-
vided between the active layer of TFT and the OLED, a layer
indicated by AIN, O, may be used. An oxynitride layer (layer
indicated by AIN, O, ) obtained by performing the film forma-
tion under the atmosphere that argon gas, nitride gas, nitrogen
gas and oxygen gas are mixed using aluminum nitride (AIN)
target by a sputtering method is a film containing nitrogen in
the range from 2.5 atm % to 47.5 atm %, characterized by the
fact that it has an effect capable of blocking water content and
oxygen, in addition to this, has a high thermal conductivity
and an effect of heat release, and further, has a very high
translucency. In addition, it can prevent impurities such as
alkali metal, alkaline earth metal or the like from penetrating
into the active layer of TFT.

The pixel electrode 912 functions as an anode of the
OLED. Moreover, a bank 915 is formed on both ends of the
pixel electrode 912, an EL. layer 916 and a cathode 917 of the
light emitting element are formed on the pixel electrode 912.

As the EL layer 916, an EL layer (layer for light emitting
and making carrier perform the migrate for it) may be formed
by freely combining the light emitting layer, a charge injec-
tion layer or a charge implantation layer. For example, low
molecular system organic EL. material and high molecular
system organic EL. material may be employed. Moreover, as
an EL layer, a thin film consisted of a light emitting material
(singlet compound) which light-emits (fluorescence) due to
singlet excitation, or a thin film consisted of a light emitting
material (triplet compound) which emits (phosphorescence)
due to triplet excitation can be used. Moreover, an inorganic
material such as silicon carbide or the like is capable of being
used as a charge transport layer and a charge injection layer.
For these organic EL. material and inorganic material, the
known materials can be used. The cathode 917 also functions
the wiring common to the all of the pixels, and electrically
connected to the FPC 909 via the connecting wiring 908. And
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further, elements contained in the pixel section 902 and on the
gate side drive circuit 903 are all covered by the cathode 917,
the sealing member 918, and the protective film 919.

It should be noted that as the sealing member 918, it is
preferable that a material being transparent to the visible light
or semitransparent is used if it is possible. Moreover, it is
desirable that the sealing member 918 is a material for trans-
mitting water content and oxygen as little as possible.

Moreover, after the light emitting element was completely
covered by utilizing the sealing member 918, it is preferred
that the protective film 919 consisted of at least DL.C film or
the like is provided on the surface (exposed surface) of the
sealing member 918 as shown in FIG. 16. Moreover, the
protective film may be provided on the entire surface includ-
ing the back side of the substrate. Here, it is necessary to note
so that the protective film is not formed on the portion on
which the external input terminal (FPC) is provided. It may be
made so that the protective film is not formed by utilizing a
mask, or it may be made so that the protective film is not
formed by covering the exterior input terminal portion with a
tape such as a masking tape used in a CVD device.

The light emitting element can be completely interrupted
from the external by sealing the light emitting element with
the sealing member 918 and the protective film in the above-
described structure, and it can prevent the substances promot-
ing the deterioration due to the oxidation of EL layer occurred
by water content, oxygen or the like from the external from
penetrating. In addition to this, if a film having a thermal
conductivity (AION film, AIN film or the like) is used as a
protective film, the heat generated when it is driven can be
released. Therefore, a light emitting device with high reliabil-
ity can be obtained.

Moreover, the pixel electrode is made a cathode, the ELL
layer and the anode are laminated and it may be configured so
that the light is emitted in the reverse direction. Its one
example is shown in FIG. 17. It should be noted that since a
top view is the same, the diagram and description are omitted.

The sectional structure shown in FIG. 17 will be described
below. As a film substrate 1000, a plastic substrate is used. It
should be noted that after the peeled off layer formed on the
substrate was peeled off according to any one of Embodiment
1 through 4, the film substrate 1000 is pasted. An insulating
film 1010 is provided on the film substrate 1000, above the
insulating film 1010, the pixel section 1002 and the gate side
drive circuit 1003 are formed and the pixel section 1002 is
formed by a plurality of pixels containing a pixel electrode
1012 electrically connected to a TFT for controlling the cur-
rent 1011 and its drain. Moreover, the gate side drive circuit
1003 is formed using a CMOS circuit that a n-channel type
TFT 1013 and a p-channel type TFT 1014 are combined.

The pixel electrode 1012 functions as a cathode of the light
emitting element. Moreover, a bank 1015 is formed on both
ends of the pixel electrode 1012, an EL layer 1016 and an
anode 1017 of the light emitting element are formed on the
pixel electrode 1012.

The anode 1017 also functions as the common wiring to all
of'the pixels, and electrically connected to the FPC 1009 via
a connecting wiring 1008. Furthermore, the element con-
tained in the pixel section 1002 and the gate side drive circuit
1003 are all covered by the protective film 1019 consisted of
the anode 1017, the sealing member 1018 and DLC or the
like. Moreover, the covering member 1021 and the substrate
1000 were pasted using the adhesive. Moreover, the concave
portion is provided on the covering member, and the desic-
cant 1021 is set on the covering member.

It should be noted that as the sealing member 1018, it is
preferable that a material being transparent to the visible light
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or semitransparent is used if it is possible. Moreover, it is
desirable that the sealing member 1018 is a material for
transmitting water content and oxygen as little as possible.

Moreover, in FIG. 17, since the pixel electrode was made
cathode, and the EL layer and the anode were laminated, the
direction of the light emission is a direction of the arrow
indicted in FIG. 17.

Moreover, here not shown in Figs., in order to prevent the
background from being reflected due to the reflection of the
applied metal layer (here, cathode or the like), a circular
polarizing means referred to as a circular polarizing plate
consisted of a phase difference plate (A/4 plate) and polariz-
ing plate may be provided on the covering member 1020.

Since in the present Example 1, a TFT having a highly
qualified electric characteristics and a high reliability
obtained in Example 1 is used, a light emitting element having
a higher reliability comparing to those of the conventional
elements can be formed. Moreover, an electric apparatus
having a high performance can be obtained by utilizing a light
emitting device having such light emitting elements as a
display section.

It should be noted that the present Example could be freely
combined with Example 1, Example 7, Example 8 or
Example 9.

The present invention can enhance the reliability of an
element without damaging the semiconductor layer since
peeling off from the substrate by the physical means.

Moreover, the present invention is capable of peeling off
not only a peeled off layer having a small area but also a
peeled off layer having a large area over the entire surface at
excellent yield ratio.

In addition, since the present invention is capable of easily
peeling off by the physical means, for example, is capable of
pulling away by human’s hands, it can be said that the process
is suitable for mass production. Moreover, in the case where
a manufacturing equipment is prepared in order to pull away
the peeled off layer when performing the mass production, a
large size fabrication equipment can also be prepared at low
cost.

Example 10

Various modules (active matrix liquid crystal module,
active matrix EL. module and active matrix EC module) can
be completed by the present invention. Namely, all of the
electronic apparatuses are completed by implementing the
present invention.

Following can be given as such electronic apparatuses:
video cameras; digital cameras; head mounted displays
(goggle type displays); car navigation systems; projectors;
car stereo; personal computers; portable information termi-
nals (mobile computers, mobile phones or electronic books
etc.) etc. Examples of these are shown in FIGS. 18 and 19.

FIG. 18A is a personal computer which comprises: a main
body 2001; an image input section 2002; a display section
2003; and a keyboard 2004.

FIG. 18B is a video camera which comprises: a main body
2101; a display section 2102; a voice input section 2103;
operation switches 2104; a battery 2105 and an image receiv-
ing section 2106.

FIG. 18C is a mobile computer which comprises: a main
body 2201; a camera section 2202; an image receiving section
2203; operation switches 2204 and a display section 2205.

FIG. 18D is a goggle type display which comprises: a main
body 2301; a display section 2302; and an arm section 2303.

FIG. 18E is a player using a recording medium which
records a program (hereinafter referred to as a recording
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medium) which comprises: a main body 2401; a display
section 2402; a speaker section 2403; a recording medium
2404; and operation switches 2405. This apparatus uses DVD
(digital versatile disc), CD, etc. for the recording medium,
and can perform music appreciation, film appreciation,
games and use for Internet.

FIG. 18F is a digital camera which comprises: a main body
2501; a display section 2502; a view finder 2503; operation
switches 2504; and an image receiving section (not shown in
the figure).

FIG. 19A is a portable telephone which comprises: a main
body 2901; a voice output section 2902; a voice input section
2903; a display section 2904; operation switches 2905; an
antenna 2906; and an image input section (CCD, image sen-
sor, etc.) 2907 etc.

FIG. 19B is a portable book (electronic book) which com-
prises: a main body 3001; display sections 3002 and 3003; a
recording medium 3004; operation switches 3005 and an
antenna 3006 etc.

FIG.19C is a display which comprises: a main body 3101;
a supporting section 3102; and a display section 3103 etc.

In addition, the display shown in FIG. 19C has small and
medium-sized or large-sized screen, for example a size of 5 to
20 inches. Further, to manufacture the display part with such
sizes, it is preferable to mass-produce by gang printing by
using a substrate with one meter on a side.

As described above, the applicable range of the present
invention is very large, and the invention can be applied to
electronic apparatuses of various areas. Note that the elec-
tronic devices of this Example can be achieved by utilizing
any combination of constitutions in Examples 1 to 9.

What is claimed is:

1. A semiconductor device comprising:

a first substrate having flexibility;

an adhesive layer comprising resin over the first substrate;

a metal oxide layer over the adhesive layer;

an insulating layer over the metal oxide layer;

alayer containing a transistor over the insulating layer; and

an inorganic film over the layer containing the transistor.

2. The semiconductor device according to claim 1 further
comprising a second substrate having flexibility over the inor-
ganic film.

3. The semiconductor device according to claim 2,

wherein the first substrate is a plastic substrate, and

wherein the second substrate is a plastic substrate.

4. The semiconductor device according to claim 1, wherein
the layer further contains a light emitting element electrically
connected to the transistor.

5. The semiconductor device according to claim 2,

wherein the insulating layer comprises a first insulating

layer and a second insulating layer.

6. The semiconductor device according to claim 5,

wherein the first insulating layer comprises silicon oxyni-

tride, and

wherein the second insulating layer comprises silicon

oxynitride.

7. A semiconductor device comprising:

a first substrate having flexibility;

an inorganic film over the first substrate;

an adhesive layer comprising resin over the inorganic film;

a metal oxide layer over the adhesive layer;

an insulating layer over the metal oxide layer; and

a layer containing a transistor and a light emitting element

electrically connected to the transistor over the insulat-
ing layer.
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8. The semiconductor device according to claim 7 further
comprising a second substrate having flexibility over the
layer containing the transistor and the light emitting element.

9. The semiconductor device according to claim 8,

wherein the first substrate is a plastic substrate, and

wherein the second substrate is a plastic substrate.

10. The semiconductor device according to claim 7,

wherein the insulating layer comprises a first insulating

layer and a second insulating layer.

11. The semiconductor device according to claim 10,

wherein the first insulating layer comprises silicon oxyni-

tride, and

wherein the second insulating layer comprises silicon

oxynitride.

12. The semiconductor device according to claim 1,
wherein the inorganic film consists of inorganic matters.

13. The semiconductor device according to claim 7,
wherein the inorganic film consists of inorganic matters.

14. The semiconductor device according to claim 2,
wherein a material of the second substrate having flexibility is
the same as a material of the first substrate having flexibility.

15. The semiconductor device according to claim 1,
wherein the adhesive layer is configured to not be removed.

16. The semiconductor device according to claim 1,
wherein the metal oxide layer is configured to not be
removed.

17. The semiconductor device according to claim 1,
wherein the semiconductor device is a semiconductor device
after peeling off the layer containing the transistor, the insu-
lating layer, and the metal oxide layer from a glass substrate.

#* #* #* #* #*
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